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PART   I. 


THEORY  and  PRACTICE. 


INTRODUCTTON. 


Definitional*      Vh«a  a  beam  of  light  comprising  all 
wave-lengths  from  the  remote  infra  red  to  the  extrene  ultra 
Tiolet  is  incident  upon  a  non-cpaque  object  in  such  a  manner 
that  a  portion  of  it,  at  least,  passes  through  a  layer  of 
finite  thickness  and  then  emerges,  two  facts  always  present 
themselves;  first,  the  intensity  of  the  light  of  a  given  wav^e 
length  just  as  it  emerges  fron  the  absorbing  medium  consid- 
ered is  less  than  the  intensity  of  the  same  light  at  the 
instant  when  it  entered  into  this  medium;  second,  the  per- 
centage diminution  of  intensity  varies  from  one  wave-length 
to  another,  in  general,  assuming,  to  avoid  further  quali- 
fications, that  the  path  followed  through  the  medium  is 
the  same  for  the  various  wave-lengths. 

In  virtue  of  the  first  circumstance  the  substance  tra* 
versed  is  called  an  "absorbing  medium"  (for  light)  and  it  ia 
said  to  have  "absorbed*  some  of  the  light.   This  means  that 
the  medium  causes  a  portion  of  the  energy  associated  with 
the  light  vibrations  of  a  given  wave-length,  which  are  being 
transmitted  by  the  substance,  to  manifeet  itself  in  some 
form  other  than  that  which  it  had  at  the  beginning  of  trans- 
mission* 
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If,  in  a  rectangular  syeten  of  coordinates  points  be 
plotted  having  wave-lengths  for  abscissae  and  the  corre- 
sponding percentages  of  energy  transmitted  by  a  layer  of 
constant  thickness  as  ordinates ,  and  if  a  smooth  curve  be 
drawn  in  the  coiirdlnate  plane  through  these  points,  an  in- 
structive diagram  results,  and  the  curve  is  named  an  "ab- 
sorption curve".   If  the  region  of  wave-lengths  be  as  ex- 
tended as  ve  have  sugpested  above,  and  if  the  dispers:on 
of  the  experinental  system  be  not  too  great,  there  will  al- 
ways be  found  portions  of  the  absorption  curve  of  a  given 
substance  which  are  either  parallel  to  the  axDs  of  abscissae 
or  slope  very  gently  with  reference  to  this  axis,  over  a 
relatively  wide  range  of  wave-lengths,  and  other  portions 
of  th«  eityve  which  are  steeply  inclined  to  the  aforesaid 
axis.   When  the  given  material,  under  definite  specifiable 
conditions,  leads  to  an  absorption  curve  which,  throughout 
the  region  of  wave-lengths  corresponding  to  the  sense  of 
light  in  the  human  eye,  is  effectively  parallel  to  the  axis 
of  abscissae,  the  substance  is  said  to  exhibit  "general  ab- 
sorption** On  the  other  hand,  when  the  absorption  curve 
for  the  visible  spectrum  has  one  or  more  maxima  and  minima, 
of  which  the  respective  ordinates  differ  by  relatively 
great  amounts,  the  material  is  said  to  present  "selective 
absorption".  Of  course,  the  adjectives  general  and  selective 
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in  the  senses  just  defined,  art«  relative  to  each  oti.er,  and 
if  all  known  wave-lengths  be  taken  into  consideration  then 
the  former  epithet  loses  most,  if  not  all,  of  its  pertinence. 
Theoretical.   Of  the  numerous  questions  which  have  been 
asked  about  the  phenomena  of  absorption,  and  to  which  more 
or  less  satisfactory  answers  have  been  given,  perhaps  the 
simplest  is  the  question  concerning  the  quantitative  rela- 
tion between  the  intensities  of  the  incident*  and  emergent 
light  under  definite  conditions  of  wave-length  and  of  thick- 
ness of  absorbing  layer.   About  the  middle  of  the  eighteenth 
century  Bouguer  and  Lambert  framed  the  hypothesis  that  a 
layer  of  unit  thickness  of  an  absorbing  substance  always 
absorbs  a  definite  fractional  part  of  the  incident,  homo- 
geneous light.   Two  ideas  which  have  since  been  elevated  to 
the  rank  of  laws  are  involved  in  the  hypothesis,  vixj 
1.   The  ratio  of  the  intensity  after  transmission  through  a 
layer  of  arbitrary  thickness  of  a  giveh  substance,  of  the 
light  of  a  chosen  wave-length  to  the  intensity  of  the  inci- 
dent light  is  independent  of  this  last  intensity* 
2*  The  intensity  of  the  emergent  light  decreasee  in  geomet- 
rical progression  as  the  thickness  of  absorbing  layer  tra- 


•  We  shall  assume  throughout  this  article  that  proper  cor- 
rections have  been  made  for  "losses"  by  reflection,  ab- 
sorption in  the  walls  of  vessels  retaining  fluids,  etc. 


rt  •%•   , 


•  •an* 


i  •  aA 


is  •  U  #4siX 

. ai    ^it'JJI    ^^afc 


•t 


• ;' 


r    1» 


versed  increases  in  arithmetical  progression,  provided, 
of  course,  al3  other  quantities  and  conditions  are  main- 
taitliod  constant* 

These  two  laws  can  be  united  in  symbols  as  follows* 
Let  Ij,  denote  the  intensity  of  the  light  of  wave-length 
incident  normally  upon,  and  entering  into,  a  plane  parallel 
layer  of  thickness  dx  in  some  absorbing  medium  and  let 
i.     *    di;^  syfflboli  ze  the  intensity  of  the  light  emergent  from 
this  layer*   The  second  lav  enables  us  to  write 

The  only  way  in  which  k^  could  be  a  function  of  x  is  by 
its  being  dependent  upon  the  intensity,  ix  ,  but  the  first 
law  states  that  K^  is  not  dependent  upon  i;^  and  therefore 
it  is  not  a  function  of  jc,  that  is,  K   is  positive,  and 
a  constant  so  far  as  i)^^    and  x_  are  concerned* 

If  I;^  and  1\    mean  the  intensities  corresponding  re- 
spectively to  the  values  x„and  x„+l  of  x  then 


and  therefore 
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ky depends  upon  the  wave-length  of  ths  light  and  upon  the 
nature  of  the  absorbing  mediuo  at  the  time  of  transmission 
and  it  is  called  the  "absorption  constant." 
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Replacing    ih.e    coysta'it       f      by    the    single    aynbol    a^    wa 
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Hagen  has  assigned  to  a.^    the  name  "absorption  coefficient". 
Obviously,  it  is  numerically  equal  to  tne  Tractiojial  part 
of  the  light,  of  given  wave-length,  etc.,  transmitted  by 
unit  thickness  of  the  medium.   k^  equals  zero  and  nence  a^ 
becomes  unity  for  the  lumini f erous  ether.   The  equation 
for  absorption  in  either  form  (1)  or  (2)  is  ordinarily 
known  as  Lambert's  Law. 

Historical  and  Sxper imental .     The  first  theoretical  law 
has  a  great  deal  of  indirect  evidence  in  its  favor  but 
very  little  direct  experimental  work  has  been  carried  out 
to  test  its  validity.   Bunsen*  and  Roscoe  were  the  first 
to  investigate  this  matter.   They  passed  a  beam  of  ligiit 
through  a  cylinder  containing  chlorine  gas  and  measured 
the  intensities  of  the  transmitted  light  corresponding  to 
known  intensities  of  the  incident  light.   The  range  of  in- 
cident intensities  was  very  small  and  the  limits  of  accura- 
cy attainable  differed  by  about  two  per  cent,  so  that, 
although  the  authors  found  the  law  to  be  verified,  this 
piece  of  work  ie  of  value  and  interest  historically  only. 


•  R.  Bunsen  and  H.  Roscoe.   4  Abh.  Pogr.  Ann.  101  pp. 235- 
263,  (1857). 
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The  sole  retiaining  invest  igatlon  in  this  line,  known  to 
the  .vriter,  was  carried  out  by  Peddle*  and  published  under 
the  title,  -  "Proof  that  Density  of  Illumination  does  not 
affect  Absorption".   He  aaya  ,  "Professor  Stokes  suggested 
long  ago  a  direct  method  of  testing  the  point"*  "In  hie 
method  the  light  is  reflected  at  nearly  perpendicular  inci- 
dence from  the  surface  of  glass,  and  two  equal  portions 
of  tne  absorbing  medium  are  used  -  one  being  placed  in  the 
course  of  6n«  half  of  the  Imident  light,  the  other  in  the 
course  of  the  other  half  after  re  f  lection** .  "Assuming  that 
reflection  is  not  affected  by  intensity  we  thus  get  a  di- 
rect test  of  the  question".  "The  author  has  used  diverging 
light  passing  through  two  double-image  prisms,  a  plate  of 
quartz  being  interposed  between  them,  and  a  lens  being 
used  for  the  purpose  of  proper  definition".  "By  rotation  of 
one  dipriem,  and  by  varying  the  thickness  of  the  quarts, 
we  can  match  closely  any  colour  of  the  absorbing  -nedium  , 
and  also  get  the  compleaentary  colour".  "One  portion  of  the 
absorbing  medium  is  inserted  in  the  course  of  one  ray,  the 
other  in  the  course  of  tne  similarly  coloured  ray,  but  at   a 
different  distance  from  the  point  of  divergence".  "Surface- 


•  Brit.  Assoc.  Report  for  lQ)'i  ,    p.  661. 
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coloured  glass  was  used  in  the  experiments  described***  '*No 
difference  of  absorption  was  evident,  although  the  inten- 
sity varied  from  one  to  1,000,  and  a  change  of  inten- 
sity alone  (unaided  by  colour  comparison)  of  one  part  in 
100  could  be  detected." 

Lambert's  Law  as  expressed  by  equation  (2)  has  received 

more  direct  experimental  verification  than  hypothesis  I  )• 
(a) 
Bernard    studied  the  absorption  produced  by  various 

thicknesses  of  glass,  potassiuni  dichromate  and  copper  sul- 
phate*  He  used  colored  glasses  to  render  tae  incident 
light  lees  non-homogeneous  tna-i  it  #ould  otherwise  have 

been. 

(b) 
Beer    considered  the  absorption  to  which  aqueous  solu- 
tions of  copper  sulphate,  copper  acetate  and  potassium 
ferrocyanide  gave  rise.   Red  glass  was  used  by  him  to  di- 
minish the  heterogeneity  of  tne  incident  light. 
(  c) 
Hagen    tested  the  law  with  a  crystal  of  potaesaum  ferri- 

cyanide  by  decreasing  the  thickness  of  the  plate  and  deter- 
mining the  coefficient  of  absorption  for  the  successive 

thicknesses. 

(d) 
Bottomley    devised  his  experimenta  In  such  a  way  that 


(a).  F,  Bernard.  Ann.  chim.  et  phys.  (3),  35  pp.  385-438  ,( 1852). 

(b).  A.  Beer.  Pog;-,.  Ann.  LXXXVI  pp. 78-08,  (1852). 

(c).  0.  Hagen.  Pogg.  Ann.  CVI  pp.33 -55  ,( 1859 ) . 

(d).  J.  Bottomley.  Chem.  News,  42  pp.  56-58  ,( 1880) ;  also  Men. 

Manchester  Lit.  and  Phil.  Soc.  (3),  7  pp.  176-186,(1882). 
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white  light  could  be  used  as  tne  incident  radiation.  When 
and  only    when  the  absorption  coefficient  is  Independent 
of  the  wave-lengths  In  a  chosen  region  of  the  spectrum  can 
Lanbert's  Law  hold  for  this3  region.   Therefore  he  made  up 
a  solution  which  approximated  to  the  requirement  of  having 
its  absorption  coefficient  independent  of  the  wave-lengtns 
occurring  in  the  visible  spectrum.  This  solution  consisted 
of  suitable  masses  of  cobalt  and  nickel  salts  dissolved 
in  water.   Without  entering  into  further  details,  it  suf- 
fices to  state  that  Bottomley  conducted  his  exparimcnti  in 
such  a  manner  as  to  produce  the  saae  intensity  in  the  light 
emergent  from  two  columns  of  the  same  solution  but  of  dif- 
ferent lenrthe.   Presetving  the  definitions  of  the  symbols 
in  equation  (  2J  we  have  I   =  I,  a   =»  I,  a  '  where  the  sub- 
script A  has  been  omitted  because  of  the  nature  of  the 

absorbing  medium.    The  result  of  a  second  similar  obser- 

/       / 
vatlon  would  be  embodied  in  the  relation  I   =■  I.  a  '  ■  I  a  *  . 

Bottomley  kept  his  sources  of  light  as  nearly  constant  as 

possible,  and  even  if  they  varied  from  one  observation  to 

the  next,  of  a  complete  set,  no  harm  could  accrue  because 

his  two  sources  depended  on  a  third  aingle  source  in  such 

•  way  as  only  to  admit  of  proportional  variations,  1.  e«, 

the  sources  fulfilled  tne  condition  I,  ••  I,»  I,    I^  # 
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Therefor*  I  ■  I,  ■  a  '  ■  a   or  (♦  A  •  -s  ♦  "^3   •   Bottomley 

I    I,   a'    a  ' 
obtained  the  numbers  in  the  ticcompanying  table* 


<»4 

<*A 

25.3 

24.93 

28.4 

27.4 

28.45 

28.76 

29.7 

27.8 

31.95 

30.35 

(e) 
Canlchel     worked  with  thin  layers  of  15quld  bronine. 

He  concludes ;*The  absorption  of  light  in  thin  layers  of 
bromine  follows  then  the  exponential  law    (in  ray  experi- 
ments, the  thicknesses  used  have  varied  between  0.5  and  60 
wave  lengths  of  sodium)." 

The  only  direct  observations  which  are  not  in  agree- 
ment with  Lambert's  Law  *ere  made  by  Angstrom  and  Kbnigs- 
berger ,  who  worked,  in  the  infra-red,  respectively  with 
gaees  and  with  doubly-refracting  crystalline  media.   The 
errors  of  observation,  however,  were  more  than  great 
enough  to  account  for  the  deviations  fro.-n  Lambert's  Law. 

On  the  other  hand,  all  the  numerous  theoretical  de- 
ductione  which  have  been  "tiad  s  from  Lambert's  Law  and  which 


(e).C.  Canichel.  C.R.  117  pp.  307-309,  (1893) 
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have  been  thorougnly  tested  experimentally,  w:!  th  com- 
paratively modern  apparatue  and  methods,  confirm  the  law 
without  exception.   When  apparent  deyiations  have  arisen 
they  have  invariably  bean  siiown  to  be  due  to  some  fault 
in  the  argument  #itich  involved  Lanbart's  Law  as  a  premise. 
For  illustration,  the  ideas  underlying  this  law  have  very 
frequently  been  tested  by  observations  based  on  Beer's 
Law,  and  this  last  law  has  often  been  used  in  making  cal* 
culations  from  observational  data  to  which  it  is  not  even 
supposed  to  apply.   Consequently,  we  may  conclude  that  Lam- 
bert's Law  is  a  correct  metrical  expression  of  the  rela- 
tions bet#edn  the  quantities  with  which  it  deals. 

In  addition  to  the  study,  outlined  above,  of  the  rela- 
tionship of  absorption  of  light  to  intensity  and  length 
of  path  traversed,  a  very  large  number  of  Important  theo- 
retical and  practical  questions  have  been  suggested,  dis- 
cussed and  investigated,  to  a   reater  or  less  extent. 
The  Tiost  significant  of  these  deal  with  the  follo#ing  sub- 
jects. 

The  detailed,  aechanlcal  conception  of  the  ultimate 
nature  of  absorption,  as  to  interference,  resonance,  and  so 
forth.   All  quustlons  relating  to  the  disappearance  of 
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energy  from  lip;ht  of  a  giT«n  wavt  length  and  it«  eub- 
■aquant  manifestation  in  some  other  form  or  associated  with 
light  of  some  other  «ave-length,  e*g.,  thar-nal  actions, 
photographic  phenomena,  decomposition  of  non-silver  salts, 
f  liiorescenca  ,  phosphorescencs  ,  etc*   All  causes  which  pro* 
duce  changes  in  the  absorption  spectra  of  given  substances, 
such  as;  the  effect  of  concentration,  (Beer's  Law  for  liq- 
uid solutions  when  the  numbers  but  no  characteristics  of 
the  molecules  are  cnan^'ed);  the  influence  of  "colorless" 
solvents,  (Kundt's  Rule);  electrolytic  dissociation;  hy- 
drolysis; the  mutual  influence  of  two  or  more  solvents, 
(Mslde's  experiments);  variation  of  absorption  with  temper- 
ature; the  effects  of  pressure  and  temperature  in  gases; 
changes  of  state,  solids,  liquids  and  gases;  the  laws  of 
absorption  of  different  salts  of  the  saaa  base;  the  con- 
nection between  the  absorption  and  che'nical  constitution 
of  organic  compounds,  (Hartley's  investigations);  etc* 

We  shall  have  practically  nothing  more  to  say  about 
these  matters  for  two  reasons,  first,  because  they  have 
little  direct  bearing  upon  the  experimental  results  re- 
corded in  this  research  and  second,  because  all  the  ques- 
tions in  the  field  of  investigation  mentioned  above,  to- 
gether with  a  very  sTeat  number  of  allied  ranif 1 cati one  of 
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of  the  subject, are  exhaustively  treated  in  an  invaluoble 
Toljae  which  has  just  appeared.   It  is  the  third  volume  of 
"■andbuch  der  Spectroscopie"  by  H.  Kayser;  Lelptig,  S*  Hir- 
lel  1905.* 

OBJECT  OF  THE  PRESENT  INVESTIGATION. 
If  we  look  over  the  literature  of  the  subject  of  ab- 
sorption of  light  we  fail  to  find  a  collection  of  absorption 
spectra  presented  in  such  a  rianner  as  to  enable  the  ob- 
server  to  select  at  a  glance  a  subst'ince  which  produces 
either  general  or  selective  absorption  in  any  specified 
part  of  the  visible  or  ultra-violet  spectrum.   The  wave- 
lengths of  the  absorption  bands  and  other  characteristics 
of  the  absorption  exhibited  by  Innuraerable  natural  and  ar- 
tificial coapounds  and  mixtures ,  both  inorganic  and  organ- 
ic, may  be  found  in  a  great  many  books,  journals,  memoirs 
and  dissertations.   If  all  of  these  results  were  repro- 
duced and  catalogued  in  one  volume  they  would  not  satis* 
factorily  fulfil  the  requirenents  just  mentioned  because 
the  different  experimenters  have  had  various  objscts  in 
view  and  henc*  they  have  worked  in  various  and  limited 
parts  of  the  spectrum,  have  used  different  numerical  die* 


•  Except  in  eo  far  as  Peddie'e  work  is  concerned,  there  is 
much  similarity  between  the  preceding  prefatory  remarks  and 
the  corresponding  sections  in  Kayser* s  third  volume,  never- 
theless tie  above  mentioned  facts  were  presented  in  sub- 
stance before  the  Physical  Seminary  of  the  Johns  Hopkins 
University,  by  ths  prasent  writer,  on  Nov.  23,  1903,  long 
before  the  third  volume  was  published* 
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persions,  have  employed  optical  systems  of  unlike  die- 
pareion  curvae,  have  not  made  it  possible  even  to 
reduce  their  results  to  graphical  form  much  lees  to  a  com- 
mon basie  of  wave-lengths  and  normal  dispersion,  ate.  The 
nearest  approach  to  a  work  of  the  kind  under  consideration 
is  made  by  tha  publications  of  J*  Formanek,  especially  the 
two  Tolunes  entitled  respectively  "Die  Qualitative  Spectral- 
analyss  anorganisQiier  Korper"  and  "Spektralanalytlscher 
Nachweis  kiinstlleher  or,^'aniachar  Farbstof  f  e  i**  Berlin,  1900. 
Formanek' s  investigations  ara  very  extensive  and  complete 
fram  the  point  of  view  axplicitly  stated  in  the  preface 
to  the  last  named  voluas.   It  was  his  aim  to  develop  a 
practical  spectroscopic  method  of  procedure  by  which  any 
given  organic  coloring  mattar  could  be  unambiguously  iden- 
tified.  Ha  saysi^Das  Princip  dee  hier  beschrelbonen   neuen 
Verfahrens  beruht  auf  der  Kombinatlon  der  spektralanalytisch- 
an  Bsobachtung  und  der  chamischen  Untersuchung ;  dieses  \9r' 
fahren  liefert  nlcht  nur  sichere  Resultate,  sondern  sein 
Vortheil  liegt  auch  darln,  dass  man  mit  Hilfs  desselben 
alls  aintalnen  Farbstoffs  von  ainander  untarechalden  kann." 
Torm^nak,  in  order  to  obtain  his  raaults,  varied  the  con- 
centrations of  his  solutions  until  each  absorption  band 
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of  «  given  substanca  became  in  auceeeelon  as  well-defined 
ae  possible  ao  that  the  wave-lenrtha  of  their  maxima 
aight  be  read  off  vith  precision*   This  method  ia  preeminent' 
ly  adapted  to  locating  maxima  but  it  gives  very  little,  if 
any,  information  relative  to  the  a^jsorption  between  and 
beyond  tne  maxima,  for  bodies  exhibiting  narked  selective 
abeorption,  and  it  tells  even  leas  about  aabataneee  pre> 
eenting  weak,  general  absorption.   Another  important  re- 
spect Jti  which  Formanek's  diagrams  fail  to  give  the  data 
required  by  the  first  sentence  of  this  section  is  that  he 
confined  hie  moasuremen ts  to  eye  obaervationa  ,  unaided  by 
fluorescent  screens,  and  hence  he  omitted  the  entire  ultra- 
violet region.   In  f net  ,  his  wave*lengtha  have  the  limits 
420;Uix  and  741n/(   ,  i,  e.,  from  "above*  the  <J  line  to  a 
little  "below"  the  a  line*   Formanek  uaed  a  prism  apectro- 
scope  to  the  diapersJon  of  which  he  gives  no  clue* 

To  fill  ir  thie  gap  in  the  then  existing  colJeetions  of 
abeorption  spectra  the  preaent  research  waa  begun,  at  the 
BUgrestion  of  Profesaor  R.  W.  Wood,  in  the  apring  of  1903. 
lis  chief  object  is  t_o  _fuj_r.i_eh  ^rajihlcal  ref  res  en  tat  ions  , 
on  a^  normyl  scale  of  *av^^^6 "£ t j^ ■  ,  0_f  the  a b so rj) 1 1  o n  b j e c • 
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tra  ,  both  in  thd  vial^b^l^e  and  in  tjie  u  1 1 r a_- v i^ l.et^  reg  i  o n s  , 
of  «L  T^t.Bop^p]-X   IhfFe  number  _o_f  compounds » 

Th«  most  obvloua  use  to  which  such  a  collection  can  be 
put  is  the  production  of  color-screene  either  for  photo- 
graphic work  or  for  removing  higher  orders  of  spectra 
from  the  first  order,  In  the  case  of  diffraction  gratings. 
Tt  also  makes  possible  the  selection  of  such  solutions  as 
will  transmit  relatively  narrow,  and  hence  roughly  mono- 
chromatic, regions  of  the  spectrum*   Such  solutions  are 
often  convenient  substitutes  for  somewhat  elaborate  pieces 
of  apparatus  which  first  disperse  the  light  by  a  prism 
(or  grating)  and  then  perinit  any  desired  portion  of  the 
rasulting  spectrum  alone  tc  continue  uninterrupted  by 
means  of  a  suitable  slit  and  screens*     Other  directions 
in  which  the  data  given  below  aay  be  of  practical  value 
need  not  be  pointed  out  here* 

Before  entering  upon  the  details  of  this  work  it 
was  hoped  that  some  general  results,  of  a  more  or  less 
theoretical  hearing,  might  perhaps  be  obtained.   The  con- 
plicated  chemical  constitution  of  most  of  the  aboorbing 
■•dia  studied  soon  dashed  this  hope  completely*   Certain 
relations  between  chemical  corstJtution  and  absorption, 
as  observed  and  discussed  by  ff.  N*  Hartley,  are  readily 
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eaen  to  be  aubstantiated  by  the  curves  at  the  end  of  this 
dleaertation*   The  same  is  true  concerning  a  very  recent 
paper  by  Kriiss*. 

511.ECTI0N  or  MATERIAL,  APPARATUS,  etc. 

That  a  great  deal  of  time  was  consumed  in  constructing 
apparatus  and  in  performing  preliminary  experJments  is 
shovn  by  the  fact  that,  although  the  investigation  was 
•ntered  upon  in  the  spring  of  1903,  as  stated  before,  it 
wae  not  until  July  25,  1904  that  the  first  wide  negative 
was  obtained* 

Absorbing  Med  ia »     Because  of  their  groat  variety,  strong 
selective  absorption,  and  general  interest,  aniline  dyes 
and  their  related  organic  compounds  were  selected  as  best 
suited  for  the  study  contemplated.   For  obvious  reasons, 
the  solvent  was  in  most  cases  distilled  water. 

For  the  purposes  in  view  and,  in  fact,  for  other  spec- 
troscopic work,  the  following  things  would  be,  as  is  very 
veil  known,  of  inestimable  value. 

(a).  A  dispersing  system  possessing, 

(1)  sxactly  "normal"  dispersion, 

(2)  tolerably  large  rssolving  power, 

(a)  the  ability  to  reflect  or  transmit  non-seJec- 

tively  nearly  all  the  energy  incident  upon  it, 

(4)  no  overlapping  spectra  or  diffused  light, 

(5)  no  astigmatism* 


•    P.    Kriiss.    "Uber    die    Absorption    organis^heV  Fa~rVstof7e    im 
Ultraviolett". 

Ztschr.     f.    Physikalische    Chemie.    Band    LI,    Heft 
3  ,    March    17 ,    19  05, 
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(b}.  A  photographic  enulsicn  equally  sanaltlve  for  all 
wave-lengths  froDi  say,  1m  to  0.2//  ,  and  of  good 
keeping  qualities  before  exposure  and  development* 

(c)«  A  source  emitting  a  continuous  spectrun  of  relatively 
large  intensity  in  the  ultra-violet  as  fur  as  0.2    . 

(d)*  A  source  poesessing,  in  addition  to  the  property  Just 

aaned  ,  constant  intensity  for  all  vave-lengths  emitted* 


As  might  veil  have  been  prophesied,  not  one  of  these  desid- 
erata was  obtained* 

riepersinp;  System*       In  order  to  obtain  reasonably 
normal  spectra  a  spherical , concave ,  speculun  grating, 
whose  radius  of  curvature  was  38.3  ens.,  was  used.   For 
the  first  order  spectra  and  for  short  photographic  ex- 
posures the  astigmatism  of  the  reflector  did  not  produce 
deleterfoue  effects*   This  was  determined  by  actual  meas- 
urenents.  The  length  of  cne  line  of  the  ruling  was  1*96 
cms*,  and  the  assemblage  of  lines  covered  5.36  cms*   The 
•  pectroBCopDc  resolving  power  was  21,250,    (2.1<25  in.  with 
10,000  lines  per  in.).   The  inconvenience  of  superposed 
higher  orders  will  be  mentioned  later  on.  To  obtain  a 
general  idea  of  the  normality  of  the  spectrograms  and  of 
the  linear  dJeperelon  it  may  be  stated  that,  by  calcula- 
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tlon,  ona  mllllBeter  the  centre  of  which  was  at  214.7/  ,  , 
or  399»4/(/<,  or  656.3 ///  covered  25.77,  25.84  and  25.71  A.U. 
raapectiTely I  for  the  spectrum  was  designed  to  be  normal 
at  the  air  line  399.4//  . 

Photographic  Material.    Because  of  the  short  radius 
of  curvature  of  the  focal  surface  (  a!>out  49  ens.)  cellu- 
loid films  wer<:<  employed  in  moet  cases.  The  filas  used 
throughout  wer«  M.A.  Seed's  "L-ortho  cut  negative  films", 
size  5"  X  7".   The  emulsion  is  by  no  means  equally  sensi- 
tive over  the  field  of  wave-lengths  studied,  i.  e. ,  from 
#•1 K  to  0*63  II    .   The  chief  maximum  of  sarsitivenese  is 
in  the  yellow,  about  0.56/  .    A  much  weaker  raximum  is 
near  0.49^<  •   The  middle  of  the  less  seneitiTe  inter- 
vening region  is  very  roughly  0,52  it    »      For  the  short  ex- 
posures given  throughout,  these  films  are  not  appreciably 
Influenced  by  wave-lengths  longer  than  about  0.61 ^^  •   The 
resultant  effect  of  the  Nernst  glower  and  the  Seed  emul* 
•  ion  is  best  understood  by  referring  to  plate  "^-^  fig  9  2  , 
for  vhich  the  tlaes  of  exposure  were  ,  in  order,  2  seee., 
5  sees.,  15  sees*,  30  sees.,  1  min*  ,  2  mins.  ,  and  3  mine. 
Various  schemes  to  make  the  resultant  action  more  uniform 
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were  tried  and  other  makes  of  fllme  were  tested  but  no 
Improvenent  on  the  simple  combination  of  the  Seed  emul- 
•ion  and  the  Nernat  glower  resulted,  therefore  they  were 
used  almost  exclusively*   The  Seed  films  are  good  in  the 
ultra-Tlolet  because  with  an  exposure  of  fiTe  minutes  the 
•  Iwiinium  line  at  18& /u(  was  clearly  recorded.   To  see  if 
appreciable  shifts  in  the  apparent  positions  of  the  ab» 
sorption  bands  were  produced  by  the  yellow  maximum  and  the 
green  miniirum  of  the  Seed  filmsi  negatives  of  the  same  ab- 
sorbing medium,  under  exactly  the  sa'^'s  conditions,  were 
taken  on  several  different  makes  of  films  and  plates  which 
did  not  exhibit  maxixa  and  minima  of  sensiti ven es6  for 
the  eame  wave-lengths*   Also,  other  and  independent  tests 
of  this  possible  source  of  error   were  made.   The  conclu- 
sion was  that  no  noticeable  d  isplacecnents  of  the  bands 
were  caused.  However,  in  the  cases  of  brown  and  other  vis- 
ibly colored  solutions,  exhibiting  weak,  general  absorp- 
tion, the  observer  of  the  appended  positives  must  be  care- 
ful to  distinguish  between  true  absorption  and  the  spu- 
rious offects  in  the  vicinity  of  0.52/(  .  A  differentia- 
ting criterion  which  is  usually  sufficient  is  that  the 
pseudo  bands  do  not  vary  in  intensity  across  the  widtji 
of  the  aptctrogram  whereas  the  intonsity  of  true  bands 
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Incrbasas  from  the  eomparleon  spectrum  to  the  opposite 
•dge. 

In  phetographing  bands  in  the  orange  and  red,  Cramer 
"Trichronatic"  plates  were  found  to  be  the  best  and  hence 
they  vere  used.   The  plates  being  plane  they  had  to  oc- 
cupy a  isean  position  vith  respect  to  the  focal  surface  of 
the  grating.   Since  only  a  comparatively  small  region  of 
wave-lengths  was  recorded  in  this  nanner,  no  measurable 
errors  were  introduced*   In  fact,  in  the  region  considered, 
the  second  order  ultra-violet  of  a  discontinuous  spectrum 
taken  on  a  film  and  on  a  plate  could  be  superposed  line 
for  line. 

The  developer  used  was  a  simple  hydrochinone  solution 
made  up  according  to  Jewell's  forniulat* 

Sources  pt    Light*     For  wave-lengths  from  "above"  0.65a 
to  *below"0.326 /<  ,  and  for  exposures  of  about  one  minute, 
the  Nernst  glower  was  found  to  be  the  most  satisfactory. 
Prevailing  circumstancae  made  desirable  the  use  of  104 
volt  glowers  on  a  circuit  carrying  about  133  cycles.   The 
tmiaaivity  of  the  Nernst  lanp  varies  so  very  greatly  with 
the  a.m.f.  impressed  upon  its  terminals  that  it  was  obliga- 
tory to  keep  in  serlea  with  the  glower  a  Thomson  A.C. 


•  L.  E.  Jewell.  Astrophys.  Jour.  v~.  lV,"l9bO  pp.  240-^43. 
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ammeter  having  a  range  from  lero  to  two  araperes  and  prad- 
uated  directly  to  0.0;i  ampere.   Fluctuations  of  'nore  than 
0.02  ampere  invariably  resulted  in  a  spoiled  photograph 
consequently  boxes   containing  variable  metallic  resistance 
vere  maintained  in  serlee  with  the  amr^.eter  and  thus,  in 
spite  of  large  chani^es  in  the  load  on  the  dynamo,  due  to 
other  experimental  circuits,  it  was  possible  to  prevent 
the  effective  current  in  the  filament  from  changing  by 
more  than  0.01  ampere.   The  current  was  usually  0»8  ampere 
or  a  little  less*   The  ammeter  was  appreciably  more  sensi- 
tiT«  to  small  changes  in  the  terminal  voltage  than  a  com- 
parably graduated  Thoneon  A.C.  voltmeter  because  the  cur- 
rent shunted  through  the  voltmeter  was  not  negligible  in 
comparison  with  the  current   which  fed  the  glower.   Among 
other  sources  the  electric  arc  vras  given  a  fair  trial  and 
discarded  for  two  reasons,  first,  because  of  the  inteneity 
of  the  carbon  and  cyan  bands,  and  second,  because  of  the 
inconveniences  resulting  from  its  unsteadiness  and  great 
•mission  of  heat* 

For  wave-lengths  between  the  strong  ultra-violet  of  the 
Nernst  glower  and  0«2Ka  spark  discharge  in  air  of  about 
one  centimetre  length  was  used.   In  obtaining  the  greater 
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number  of  the  negatives  one  electrode  «ras  com^^oaed  of  an 
alloy  of  equal  parts  by  weight  of  cadmium  and  sine  and  the 
other  vas  made  of  sheet  brass*  The  alloy  wore  away  so 
rapidly  that  the  brass  electrode  was  employed  to  reduce 
the  mechanical  labor  attendant  upon  sharpening  the  termin- 
als.  The  electrodes  were  given  a  form  apparently  not 
described  before.   As  Is  very  well  known,  many  spectral 
lines,  both  weak  and  strong,  produced  by  sparks  between 
metallic  surfaces  extend  only  a  short  distance  beyond  the 
metal  and  hence  do  not  offer  a  continuous  source  of  light 
across  the  entire  spark  gap.   In  order  to  obtain  a  back- 
ground of  uniform  intensity  from  edge  to  edge  of  the 
negatives  it  was  necessary  to  use  sor^e  scheme  to  nullify 
the  effects  of  the  non-uniformity  of  emission  in  the  spark. 
One  way  of  accomplishing  this  is  to  rapidly  translate 
the  electrodes  (maintained  at  a  fixed  distance  apart) 
back  and  forth  parallel  to  the  length  of  the  elit  of  the 
spectrograph  by  some  mechanical  device. 

The  reciprocating  action  associated  with  this  plan 
■hakes  the  camera  and  grating  to  such  an  extent  as  to  de- 
mand greater  rigidity  in  the  apparatus  than  is  usually 
possessed  by  it.   Therefore  the  electrodes  were  made  in 
the  shaps  of  wedges  or  chisels  with  the  sharp  edpes  parallel 
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to  the  silt.   The  veil  known  distribution  of  a  rapidly 
alternating  current  in  a  conductor  necessitated  curving  tne 
•dgea  of  the  electrodes,  as  is  ehown  in  the  accompanying 
diagram  vhieh  is  of  natural  site*   Due  to  the  tearing  away 
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of  the  metal,  and  to  various 
other  causes,  the  innumerable 
thread-like  sparks  changed  the 
positions  of  their  ends  so  rap- 
idly that  the  integrating  action 
of  the  photographic  filn 
recorded  a  perfectly  uniform 
negativ*  for  exposures  of 
fifteen  seconds  or  more.   The  exposures  generally  lasted 
••Tenty>f ive  seconds.   The  electrodes  had  to  be  kept  sharp 
and  smooth  for,  when  this  was  neglected,  the  ele^iontary 
sparks  persisted  much  longer  in  one  position  than  in 
another  and  consequently  caused  streaks  of  varying  inten- 
sity to  run  along  the  negatlTis  parallel  to  their  length,  as 
can  be  seen  in  some  of  the  positives  reproduced  in  the 
appended  platsa,  e.g.,  figure  91,  plate  24. 

The  current  for  the  spark  was  obtained  in  the  following 
manner*   An  alternating  e*a«f«  of  about  106  volts  (  133 


•  •««tv  •si«  k«*  9ml% 


Xlbt<i'  .iktm  •»!   •# 

•  at    '     'TT.                                  n    ttto-     ---  -                                          X**!* 

^   at  ■«•«(•  si   »r  >•!*  •nS    %•   tM^k* 

ol  •«€     ••alt  Xa  )•  ti 

not#»«    8lfi>«V  tilt    #•*#    t^AI  ••«^f 

■  Xtt     9  t|(q«1f  •#•!(§    •(!#    1« 

XiMiP*  ,  •*#»»i9*«   •••   •tut   n«(f«   «^t    r  "• 

at  n«  #i«M  •••  •!  ^9nm9t  rfvua   b«#»tan«f   •in«q« 

•  m    in^'intX    i  I«II«1l«q  •▼  K  it^Mi   aa^  tii.%   «i    \4X« 

•  H#  >9nq»t    ••TllltM    •<('    ^*    •  •••    •^    "" 

Ikl     )    silo  iV4m    >•    •!•■••  .     JfilUMB 


24 
eyclas)  was  imprasssd  on  the  terminals  of  an  Induction 
coil  of  unknown  ratio  of  turns.   Eif^ht  or  nine  amperee 
commonly  flowed  In  the  primary.   The  interrupter  of  the 
coil  was  thrown  out  of  circuit  and  the  coil  therefore 
performed  the  functions  of  a  transformer.   In  parallel 
with  the  secondary  was  placed  a  Leyden  jar  abojit  18  in. 
high  and  of  unmeasured  capacity.   No  auxiliary  spark  was 
introduced.   The  s^'stea  could  spark  about  2.5  cms.  in  air 
between  metallic  points* 

Th»  great  intensity  of  scne  of  the  lines  characteristic 
of  all  the  common  metals  trJed  (  Al ,  Cd ,  Cu,  Fe,  Pb ,  Zn ,  etc*) 
made  these  metals  undersirable  for  the  present  work.   Cad* 
mium  and  line  were  selected  only  because  of  the  strong 
continuous  background  to  which  they  give  rise.   Figures  88, 89  90 
of  plate  ^3  are  at  least  sugt^estiva.   For  figure  88  tho 
■yark  passed  for  fifteen  seconds  between  lumps  of  pure 
■•talllc  uranium.*    The  comparison  spectrum  is  a  zinc  ex- 
posure of  twenty  seconds.    Figure B9  vas  the  result  for 
thirty  seconds  with  comiereial  pitchblende  lumps.   W)ien 
(other)  pitchblende  electrodes  vera  oscillated  parallel 
to  the  slit  for  two  minutes  the  negative  produced  is 
copied  in  figure  90  ,     Uranium  it.a  salts  or  its  earths 


•  See  also  H.  Kayser.  "Handbuch  der  Spectroscopie"  v. Ill 

p.  64. 
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25 
ware  not  used  in  thia  work  bocauaa  tlxey  are  unraanapaable. 
Naturally  the  pure  metal  burns  to  oxide  at  once;  pitchblende 
cannot  be  worked  into  a  suitable  shape  (at  least,  for 
•MCh  specimens  as  the  writer  has  been  able  to  obtain); 
and,  pitchblende  is  so  very  heterogeneous  that  the  position 
of  the  spark  can  not  be  depended  upon  for  an  instant.   To 
have  employed  a  neutral  atmosphere  in  conjunction  with  a 
reciprocating  mechanism  would  have  consumed,  obviously, 
too  much  time  and  would  have  demanded  too  complicated, 
cumbersome  and  inconvenient  an  assemblage  of  apparatus. 

The  Cell «     In  order  to  sho*  the  variations  in  the  ab- 
sorption spectrun  of  a  given  substance  when  the  thickness 
of  the  absorbing  layer  changed  linearly,  a  wodpe-shaped 
cell  was  constructed.   Vessels  made  on  this  principle  have 

o 

been  designed  and  used  often  before,  notably  by  Angstrom, 

Gladstone,  Govi,  Gibbs,  Turalirz,  Hodgkinson,  F.  ?/elde, 

Hartltyi  and  others.*    N^werlheless ,  because  the  precise 

form   of  the  cell  is  supposedly  new  and  certainly  useful  it 

a 
may  not  be  superfluous  to  enter  into ^detailed  description  of 

it  here*   This  little  piece  of  apparatus  was  designed  ao 

that  the  relative  positions  of  the  quarts  surfaces  through 

which  the  light  entered  into  and  e'nerged  from  the  absorbing 

•  Loc.  cit.  pp.  58,59» 
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liquid  could  bo  varied  at  will,  within  certain  liralta. 
In  other  vords,  matters  were  so  arranged  that  the  liquid 
could  be  in  th-  form  either  of  a  wedg«,of  variable  angle, 
with  «ero  thicknees  at  the  refracting  edge,  or  of  a  prism 
of  variable  angle  and  non-zero  depth  throughout,  or  of  a 
plane  parallel  layer  of  changeable  thickness*   To  satisfy 
these  conditions  it  was  convenient  to  rely  upon  the  at- 
t'-action  of  the  earth  to  preserve  certain  parts  of  the 
cell  in  mutual  contact*   This  in  turn  necessitated  both 
the  horizontal  position  of  the  bottom  of  the  cell  and, 
(because  it  was  desirable  to  reduce  the  number  of  re- 
flecting surfaces  to  a  minimum),  the  vertical  type  of 
epeculum  spectrograph* 

The  cell  comprised  five  separable  parts,  as  follows; 

(1)  a  brass  fra'nework  upon  which  the  other  parts  rested; 

(2)  a  transparent  tray,  without  a  lid,  which  confined  the 
liquid  in  proper  bounds;  (3)  a  transparent . box-like 
system  which  gave  the  upper  surface  of  the  liquid  the 
desired  position;  (4)  a  vulcanite  framework  to  hold  the 
laet  mentioned  box  in  place;  and  ,(5)  four  mahofiany  pine 
Or  pegs  to  fasten  the  box  to  its  framework*   A  photograph 
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of  the  parts  of  the  c«ll,  seven-tenths  natural  tlso,  is 

giT*n  in  plat*  ^ '^    figur«^3, 

(l).    k    aide    via^    of    t^ils    fra'-e- 
^l]  work    is    presented    in   diagram   (l). 

There    were    three   ralcror.eter 
Ecre«B    al]    of    the    sa-^e    pjtch, 
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era.   The  heads  of  the  screws 


were  graduated,  on  th4ir  upper 
eurfhces,  in  ten  equal  parts*   The  screw  £  was  ir.  the  medial 
plane  of  the  cell  while  the  remaining  screws,  (s*  only  is 
shown),  were  at  the  other  end  of  the  system,  were  equidis- 
tant from  this  plane,  and  were  as  far  apart  as  possible* 
The  mlcrooeter  screws  called  for  vertical  scales  on  the 
adjacent  brass-work  to  count  whole  turns.    The  handle  is 
denoted  by  HH»A  black  fiducial  irark,F,  on  a  white  ground 
enabled  the  experimenter  to  tell  what  positJon  the  cell 
occupied  with  reference  to  the  length  of  the  slit  of  the 
spectrograph.   The  lower  end  of  F  moved  over  a  scale 
parallel  to  the  slit  and  in  the  plane  of  the  latter* s  Jaws. 

The  flange  at  the  bottom  of  the  framework  was  made  of 
brass  0.014  em.  thick  so  that  the  absorbing  mndium  mipht 
be  as  near  the  slit  as  possible* 
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(2),  A.n  accurately  ground    plnne-paralle]  plate  of  quartr 
40  mai8.  long,  18*5  mme*  wide  and  2  mrna*  thick  had  cemented 
to  lie  periphery  four  rectangular  eheets  of  thin  glaae 
8  nma*  high.   Hence,  the  rreateet  depth  of  liquid  which 
could  be  etudied  by  the  aid  of  this  eel]  was  6  mms. 

(i).  In  diagram  (2),  A,B,C  and 
D  designate  the  vertices  of 
the  section  of  a  quartx  plate, 
made  by  a  plane  perpendicular 
to  the  plane  the  trace  of  which 
is  the  line  AD.   AB  was  2  mms*, 
AD  was  34*8  mms>,  and  tie  an^^le 
between  the  planes  of  AD  and 
Bt  was  fifty-five  minutes  of  arc.   The  horirontal  width 
of  the  wedge  was  10  rrras.    Glass  walls  surrounded  three 
sides  of  the  wedge,  os  the  outline  indicates.   The  reason 
for  using  the  wedge  was  to  counteract  the  deviation  and 
dispersion  produced  by  the  solution  in  the  cell.   The  angle 
of  the  liquid  wedge  could  be  varied  until  the  deviation 
effected  by  the  quarts  wedge  nullified  the  average  action 
of  the  absorbing  solution.   At  first  it  was  supposed  that 
with  liquid  wedges  of  fifteen  or  so  minutes  of  arc  a  plane- 


•t 


-»tf  '  •  .f») 

bn«   9, a, A   ,(  iB«l*  at  •(«) 

,«arB    »    new    41       aSA   •nil    tnj^    ai 

•  I^nji    •  •#(    Mtt   €i 

TA    )•    ••  '^••V#«d 

•  •nut    k^bnuaTtva    «i.I««   ••«!(         •ar^f    01    mi  9rtt    \9 

1#   at    ••lfvl««   •il#   T^    *•  •^an«(iatb 

r<oti«t<raS   • -<  *    £!#««    Miv*v    ^4    kX««*  'vptX    cri^    )• 

%9i^mntm  ••  n%  ■••Itll  !•   •  ^ptX   ditv 


at 


parallel  quartz  plata  could  be  usad  succasBfully  instead 
of  the  quart!  wedge*   This  was  true  for  aome  dyes  but 
for  concentrated  eolutdona  of  certain  other  dyes  (notably 
the  eodlura  salt  of  2.-methoxy-toluene-aio-p-nap.thol-d  i- 
sulphonlc  acid)  some  compensating  systee  was  absolutely 
necessary.    Finally,  tlie  quarts  wedge  was  made  with  the 
utmost  care  by  an  expert  optician,  special  pains  being 
taken  to  have  the  edge  through  D,  perpend icular  to  the  plane 
ABCD ,  as  sharply  defined  as  possible,  and  the  surfaces 
whose  traces  are  denoted  by  KD   and  BC  were  accurately  plane* 

(4)«  Figure  (3)  presents  a 
aide  view  and  an  end  view  of 
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p   the  vulcanite  frame  into  which 
the  quasi*box  just  described 
fitted*   This  frame  was  shaped 
out  of  a  single  block  of  vul* 
canite,  for,  experience  showed 
that,  a  eementad  system  of 
several  pieces  did  not  last 
long,  also  a  dielectric  was 
needed  to  keep  the  sparks  from  Jumping  to  the  screws* 
f   Indicates  a  little  depression  which  fitted  over  the  point 
of  the  screw  ■•  P«  deslKnatee  the  end  of  a  straight  line 
along  which  the  rounded  extremity  of  the  screw  s'  slid. 
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P"   ie  the  cross-8e«tion  of  a  snallow,  V-shaped  groove 
along  which  the  pointed  end  of  the  third  screw, s",  like- 
wise slid*   The  perforations  M,M*  ate*,  correspond  to  each 
other  and  to  the  associated  woodsn  pegs  mentioned  above  as 

(5). 

Diagram  (4)  is  an  unconvention- 
al sketch  of  the  cell  when 
completely  asseabled* 

A  cell  of  the  construction 
Just  described  ie  very  well 
suited  to  the  study  of  thin 
layers  of  solutions  in  solvents 
of  relatively  high  boiling  points  such  as  water  and  amyl 
alcohol,  but,  unlsss  snclossd  in  so::ie  suitable  vessel,  it 
is  not  applicable  to  solvents  of  lower  boiling  points  like 
•thyl  alcohol,  ether,  chloroform,  etc* 

Ctnents*    A  few  words  concerning  cements  ^^ay  not  be 

receipts 
superfluous  because  a  great  -nany  .were  tried  and  only  a 

very  few  were  considered  satisfactory*   In  tne  first  place, 

no  single  oeoient  was  found  which  satisfisd  the  following 

three  necessary  conditions,  (a)  of  being  unaffected  by  hot 

or  cold  «ater,  ( b)  of  being  Insoluble  in  thw  alcohols, 
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•thar,  chloroform,  carbon  bisulphide,  etc.,  (c)  of  drying 
or  setting  in  three  or  four  daye  ,  at  moat. 

The  plan  used  by  Professor  H.  N.  Uorse  in  waterproof* 
ing  cells  for  the  study  of  osmotic  pressure  gave  the  beet 
results  and  nence  it  was  followed  in  fastening  togetner 
the  quartz  and  glass  parts  of  tne  cell  described  in  the 
last  section*   These  parts  vere  first  fastened  together 
with  Khotinsky  cer^ent  in  tne  usual  way,  that  is,  by  heating 
them  in  an  air  bath,  to  any  convenient  temperature  above 
the  Telting  point  of  this  csnent,  and  by  hsating  a  stick  of 
the  adlieeive  mixture  in  a  Bunser  flame  and  then  applying 
it  to  the  surfaces  of  the  hot  quarts  and  glass.  Since  this 
resinous  cement  is  soluble  in  sthyl  and  amyl  alcohol  and 

other  solvents,  and  because  it  is  attacked  by  various 

ri 
liquids,  such  as  an  aqueous  solution  of  potassium  permag* 

anate,  it  was  necesEiary  to  coat  the  sxposod  surfaces  of 

the  cement  with  something  which  was  chemically  inert 

towards  the  solution$to  be  studied.   Such  a  substance  is 

a  solution  of  rubber  in  carbon  bisulphide*   This  solution 

was  made  and  used  as  follows*   From  an  adequate  length  of 

black,  soft,  rubber  connecting-tubing  segments  about  two 

csntimsters  long  were  cut  and  heated  in  an  evaporating 

dish  over  a  Bunsen  flamo  until  the  sectione  fused,  ran 
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together  and  formed  a  very  sticky,  vleooue  liquid*  (  A  sin- 
gle long  piece  of  tubing  doss  not  liquefy  at  all  satis- 
factorily)* The  liquid  state  psrsisted  after  the  contents 
of  the  evaporating  dish  nad  been  allowed  to  cool  down  to 
about  room  tenpsrature*   Carbon  bisulphids  was  nsxt  poured 
into  the  dish  and  the  contents  of  the  latter  ware  stirred 
uBtll  a  nociogeneous  solution  ootained* 

Ths  relative  proportions  of  the  carbon  bisulphids  and 
rubbsr  used  were  immaterial  and  were  determined  by  con- 
venience only*   Tne  solution  can  be  retained  indefinitely 
in  a  tifhtly  stoppered  bottle  and  used  whenever  needed* 
A  thin  layer  of  the  solution  was  painted  over  the  Khotinsky 
•  •■•nt ,  after  which  the  quartz-glass  sybtain  was  heated  in 
an  air  bath  at  about  100  C*  until  the  layer  became  dry  and 
nard  I  and  was  no  longer  etieky*   (  Of  course,  during  the 
first  part  of  the  process  the  tFansparent  elements  of  the 
cell  had  to  fit  over  a  suitabls  woodon  *form<*  becauss 
Khotinsky  cenent  softena  too  much  at  lOOC.to  maintain 
objects  In  their  proper  relative  positions.)   After  this 
another  thin  coat  of  the  rubber  solution  was  applied  and 
the  heating  continued.   This  eucoeaaion  of  operations 
was  repeated  until  a  thick,  hard,  darV-bfown  covering  for 
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th*  Joint*  vaa  obtainedt   It  then  made  littl*  differerca 
whether  the  original  cement  were  present  or  not  because 
the  hard-rubber  held  the  quart*  and  glaes  together  very 
•atlef actcrily   indeed.   The  total  time  required  for  neating 
the  succeesive  layers  of  rubber  was  about  sixty  hours* 

A  ce'nent  vhich  dissolves  readily  in  water  and  in  acetic 
acid  but  which  is  not  affected  by  ethyl  alcohol,  amyl  alco- 
hol, carbon  bisulphide,  glycerine,  chlorform,  ether,  ben- 
sol  ,  nitrobenzol,  aniline  oil  B,  ben zaldehyde ,  toluol, 
f tc .  is  made  by  dissolving  two  pounds  of  pure  gelatin  in 
one  quart  of  'ater  and  adding  to  the  resulting  solution 
scTen  ounces  of  nitric  acid,  (sp.  gr«  l«35-l«4<i}.  The  final 
solution  is  colorless  and  when  applied  in  this  layers  dries 
in  a  day  or  so.   It  is  called  rumoulin's  liquid  glue. 


The  Spectroj^raph. 
The  eseential  parts  of  a  vertical  section  of  the  spec- 
trograph are  outlined  in  diagram  (5).   They  may  be  tersely 
described,  with  the  aid  of  symbols,  as  foliows.   In  the 
first  placo,  every  element  of  the  syetem  was  adjustable 
in  every  respect.   Light  from  the  Nernst  filament,  N,  was 
focussed  by  the  concave  speculum  mirror,  R,  on  the  slit,  S, 
whence  it  continued  to  the  grating  G,  froc  which  a  portion 
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of  Jt  *a«  dla' 
parsed  in  the  di- 
rection of  the 
sensitized  film.F. 
The  adjustable 
support  of  the 
mirror,  which 
was  rigidly  at* 
tached  to  the 
main  body  of  the 
spectrograph,  is 
not  outlined  in 

the  diagram*   The 
distances  of 
the  middle  of 
the  slit  to  the 
centres  of  the 
airror  and  grat- 
ing «rere  respec- 
tively about 
89*5  cms.  and 
97.1  cms.   The 
•  lectrod  es  ,  E , 
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-#era  always  at  the  distance  of  4.2  cms.  above  the  elit  and 
they  did  not  interfere  with  ^ne  paesafe  of  the  light  from 
the  reflector  to  tne  slitt   No  lensee  or  other  refJectore 
were  used*   The  microneter  head  at  M  indicated  the  separa- 
tion of  the  ellt-JawB.   W  ehowe  the  ways  or  guides  between 
which  the  cell  was  slid  along  over  the  slit*   QQ'  denotes 
a  screen  systen  such  that  when  Q  was  vertical  the  passa^^e 
of  light  from  the  Ftrating  to  the  camera  was  not  interfered 
with,  whereas  when  Q  was  horiiontal  only  ultra-violet  light 
of  snorter  wave-lengths  than  0.4  /<  could  reach  the  photo- 
graphic film.   PP  Is  an  horizontal  platform  with  a  scale 
along  its  front  edge*   By  sliding  projecting,  horisontal, 
opaque  ecreens  of  various  widths  along  this  platform  it  was 
possible  to  cut  out  coapletely  any  region  or  regions  of 
wave-lengths  desired.   In  making  certain  tests,  the  plat- 
form and  sliding  screens  were  very  convenient*   L  is  the 
section  of  a  thin,  black,  metal  ehuttar  capable  of  trans- 
lation in  an  horiaontal  direction  and  hence  at  right  angles 
to  the  length  of  the  photographic  fllnsj  in  other  words, 
parallel  to  tne  slit  and  to  the  rulings  of  the  grating*   A 
number  of  long,  rectangular,  suitably  spaced  and  propor- 
tioned slots  or  openings  were  present  in  this  screen  so  that 
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■tripa  of  different  width*  of  the  films  or  platta  could 
be  exposed  to  the  lig.ht  fron  tne  rratinp  without  causing 
any  displacement  of  the  sensitized  surfaces  «ith  reference 
to  the  grating  and  slit*   This  was  necessary  for  impreesing 
coaparfson  spectra,  etc.   HH  suggest  the  rack  and  pinion 
system  by  ^he  aid  of  «hich  the  films  could  have  unexposed 
portions  brought  successively  opposite  to  some  selected 
opening  in  the  si: de^ecreen  L.   D  and  D'  denote  two  of  the 
four  doors  which  gave  access  to  tn*  interior  of  the  spectro- 
graph and  which  made  it  possible  to  close  up  the  camera 
light*tight  while  making  various  adjustments  with  the 
rest  of  the  system. The  camera  was  made  so  tr.at,  when  it 
contained  neither  a  film  oor  a  plate,  it  was  possible  for 
the  experi/renter  to  look  directly  at  the  -rating  and  to 

make  observations  with  the  assistance  of  an  eye*piece. 

glass 
Certain  black-oa-white  scales  and  ruby  windows  enabled  the 

experimenter  tc  know  the  precise  relative  positions  of  the 

Yirious  accessories  on  the  Interior  of  the  spectrofraph 

when  the  entire  system  waa  shut  up  and  expoeuree  wert)  being 

made*   Numerous  dull  blaek  diaphragms  and  screens,  (A  ,  A., 

kj  t    K,^t    k^t    ate),  took  care  of  the  unusable  light  of  the 

central  irnage,!,  and  of  various  spectra*   U  and  0  give  the 

extreme  rays  of  so  much  of  the  first  order  spectrun  as  was 
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studied,  that  is,  Vf    and  0/  correspond  respectively  to  about 
0«J0  "  and  0.63 /^  •   Naturally,  the  spectrograph  «as  dull 
black,  both  inside  and  out,  and  contained  plaited  black 
velvat  in  appropriate  places*   A  genural  idea  of  the  siie 
of  the  apparatus  rnay  be  derived  from  the  following  di* 
mensionsi  -  from  R  to  tne  plane  of  BC  =  198*5  cms*,  BC  ■ 
34*5  cms*,  the  bottom  edge  perpendicular  tc  BC  ^  ^7*5  cms*, 
BJ  =  116  ens*,  ano  JK  =  i  <    cms* 


JU|n_ner  o_f_  Exper imenting« 
Solutiona*    A  soiall,  know  mass  of  a  selected  dye  *ae 
caref ully^vreighed  out"  on  a  cheaica]  balance,  and  put  at 
the  bottom  of  a  nedium-ei sed  test*tabe»   Then  distilled  water 
«a8  run  froin  a  burette  into  the  test'tube,  and  the  latter 
shaken  up  from  time  to  time,  etc.,  until  the  resultini^  so- 
lution appeared  to  nave  tne  proper  concentration*   As  would 
be  expected,  practice  produced  skill  in  judging  absorption 
of  visible  light,  but  to  get  the  right  concentration  «ith 
respect  to  ultra-violet  light  fas  not  always  so  easy*   The 
greatest  error  in  measuring  the  solvents  was  about  0*2 
per  cent.   Since  the  coicentrations  are  only  intended  to 
serve  as  general  guides  to  an  understanding  of  tne  spec- 
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trograns,  4  higher  degree  of  accuracy  vould  have  been  8u« 
perfluous*   Neither  vras  there  any  reason,  in  f^eneral  ,  for 
noting  the  volu-ne  of  solut  J  on  which  contained  a  known 
number  of  grams  of  pure  solvend  ,  in  other  *orde,  changes 
in  volume  due  to  the  processes  of  solution  were  not  re- 
gard ed  • 

Ad  j  ustment  0  f  the  Cell »  Especial  cire  was  taken  to  remove 
all  coloring  matter  from  the  cell  before  introducing  another 
solution  into  it«  (Dust  caused  more  truuble  than  anything 
else).   After  cleaning  the  quarti  and  glass  ele-ients  of 
the  cell  the  various  parts  of  tne  latter  i/ere    assembled  and, 
when  a  prism   of   liquid  was  to  be  stiadied,  the  niicrometer 
screws  regulated  in  the  following  manner*    All  tae  screws 
were  turned  down  so  as  not  to  touch  the  vulcanite  frame- 
work, and  t.-ius  to  cause  the  quartz  wedge  to  rest  on  the 
quarts  plate*   Then  the  screw  s  had  its  point  elevated 
again  and  again  until  it  just  touched  the  deepest  part  of 
the  depression  P.  (  See  diagrams  (l).  (  <i )  ,  (  i  )  and  ( 'i  )  •  ) 
This  condition  was  attained  by  gently  rocking  the  aystera 
around  the  edge  D  of  the  quart*  fd^e,    somewhat  after 
the  fashion  of  experimenting  with  certain  types  of  spher- 
ometere.   Thus  the  zero  position  of  tne  cell  was  deter- 
mined, (before  each  experiment,  of  course)*   Next,  guided 
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bv  the  circular  and  plane  scales,  th*  observer  turned  up 
the  Bcrev  S  until  the  desired  angle,  between  the  wedge 
and  plate , was  known  to  obtain*   After  thia,  the  screw 
corresponding  to  S*  was  turned  up  until  its  tip  projected 
far  enough  into  the  groove  P"  to  prevent  the  quartt  wedge 
and  its  acceesorles  from  sliding  over  the  quartz  plate  around 
the  point  S  as  pivot,  but  yet  not  far  enough  to  raise  the 
vulcanite  frame  the  least  bit.   Finally,  a  small  anount 
of  the  solution  was  poured  into  the  cell  and  the  latter  was 
then  placed  on  the  very  thin  brass  sheet  which  rested  upon 
and  protected  the  jaws  of  the  slitt 

As  soon  as   the  cell  was  placed  over  the  slit  and  the 
glower  had  been  lighted  the  cell  was  moved  forward  and 
backward,  parallel  to  the  slit,  while  one  edge  of  the  field 
of  view  was  exR!"ined  with  an  eye*plece,  until  a  position 
of  the  cell  was  obtained  for  whieh  the  light  passing  through 
the  quarts  wedge  at  its  refracting  edge  ,(  D  of  diagram  (2)  ) 
Illuminated  the  very  Unit  of  the  fi«ld  of  view  as  seen 
through  the  choser  slot  of  the  shutter, (L  of  diagram  (5}^« 
The  position  of  the  ■>  ark  on  the  handle  of  tne  cell  ,(  F  of 
diagram  (l)X  with  respect  to  the  horisontal  scale  in 
the  plane  of  the  slit'jaws,  was  then  read  off.    If  the 
cell  were  then    moved,  ever  so  little,  in  one  direction 
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the  width  of  tha  brightly  illuminated  field  could  be  eeen 
to  be  lees  than  the  opening  in  the  enutter;  vhereae ,  if  the 
cell  were  traneldted  in  the  oppoerte  sense  no  increase  in 
the  width  of  the  illurairated  field  occurred*   At  this  oppor- 
tunity, eye-observationa  of  the  visible  absorption  bands 
were  always  made  and  recorded* 

When  the  concentration  of  the  liquid  in  the  cell  was  much 
too  great  or  far  too  eraall  this  instrument  had  to  be 
cleanted  and  filled  with  a  solution  of  more  suitable  ab- 
sorbing power,  obvrously,  but  when  the  concentration  was 
not  too  remote  from  the  best  value  the  effective  depth  of 
the  cell  was  varied  until  the  desired  state  of  affairs 
o  btained  * 

All  three  screws  were  raised  and  regulated  in  an  obvicus 
manner  when  prisma  of  liquid  having  nowhere  Inf initeeimal 
thickness  were  wanted.   When  layers  of  liquid  of  uniform 
depth  were  studied  a  syatea  much  like  that  shown  in  diagram 
(2)  ,  but  which  had  for  bottom  a  plane-parallel  plate  of 
left-handed  quarti  2mmB»  thick,  was  substituted  for  the 

quarts-wedpe  system* 

gallbratlcn  of  th^  Cell.     The  diedral  angles  formed 

by  the  call  were  calculated  from  the  dimensions  of  the 
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i nstrument. • 

Let  K  symbolize  the  length  of  the  perpendicular  dropped 
froB  the  deepeet  point  of  the  depression  P  upon  the  lower 
plane,  (AD  continued),  of  the  quartz  vredre,  when  byetems 
(3)  and  ( V)  were  fastened  rigidly  together.   Let  /denote 
the  shnrtest  distance  from  the  foot  of  the  perpendicular 
juat  defined  to  the  diffracting  edge  of  the  prism,  that  is, 
to  the  line  which,  in  diagram  (2),  pastses  throuph  D  at 
ripht  anples  to  the  plane  of  the  paper.   Let  a  be  the  angle 
between  the  quarts  planes  whose  line  of  contact  has  just 
been  described.   Let  x  stand  for  the  number  of  centimeters 
through  which  the  screw  point,  8,  has  been  raised  from 
the  initial,  lero  position.   x  and  a  equal  zero  simultane^ 
ously  with  the  extended  contact  of  the  quartz  surfaces* 
The  construction  of  the  cell  justified  the  assuaption  that 
the  axis  of  the  screw  S  was  normal  to  the  horizontal  planes 
of  the  quart!  plate  belonging  to  systen  (^). 

It  follows  immediately  that  Xsin  a  ♦  K  cos  a  *  (K-t-x)"0. 


*  The  cell  wes  carefully  calibrated  by  direct  goniome trlcal 
■easuremente  with  a  spectrometer  and  the  Talues  obtained 
for  the  angles  in  this  manner  agreed  very  well  with  the  num* 
bers  calculated  from  the  formulae* 
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This  equation  assumes  the  forms  ten  l/-J  a    =  /  -   V^"^  "x(  x*2KJ 

and  tan  1/2  «  "  JS^  ♦  (ii— )[   ^  x'  K   ♦  etc.    For  smal)  angles, 

2i    \2//     TIT 
and  for  the  decree  of  accuracy  Obtainable  in  "leasurlng  K 

and  /,  (  K  =■  l.CO  ens.,  and  /  ■  4.70  ens.,  for  oiie  system), 

the  drapflng  of  tge  wedge  over  the  lower  plate,  while  8 

is  being  elevated,  car  be  neglected  and  there  results  the 

Bucn  simpler  condition  x  •  xsir.  o  .•      Of  course,  for 

very  small  angles  a  ■  x  / /.     ,  simply. 

1  xp 0 s u r e s  and  Sf eje t r o^ rttm s «     The  majority  of  the  spec- 

tropra'^e  consist  of  three  distinct  photographs  taken  side 

by  side  and  as  close  together  as  possible.  (  See  the  plates) 

The  widtli  of  each  photograph  was  practically  the  sa^ne  as 

the  width  of  the  opening  in  the  shutter  L.    Numerous  trials 

showed  that  this  field  of  view  was  completely  filled  with 

light,  with  no  overlapping  on  the  frating-side  of  the  opaque 

^rtlons  of  the  shutter,  when  the  length  of  the  slit  wae 

dlaphragmed  down  to  10.5  are.      Consequently,  the  slit  was 

limited  to  a  length  of  a  very  little  "lore  than  this  num» 

ber  and  the  cell  was  moved  alonr  exactly  10.5  mms  between 

the  taking  of  two  adjacent  photographic  strips  on  the  same 

film.   By  this  -neane  ,  the  thickr.ees  of  absorbing  liquid 

through  which  the  light  passed  to  the  very  edpe  of  one 


•  For  a  =  0.5,  1  ,  1.5,  2   this  formula  yields  respectively 
X  ■  0.77,  1.54,  2.31,  3.08  turns  of  the  screw. 
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photographic  atrip  was  equal  to  the  thickness  subsequently 
traversed  by  tha  light  which  recorded  :!tself  at  the  con- 
tiguous edce  of  the  adjacent  strif.   Of  course,  the  best 
appearing;  records  were  obtained  when  the  film  holder, 
actuated  by  the  rack«and*pJnlon  systen,  was  moved,  by  an 
amount  exactly  equal  to  the  width  of  the  openinp  in  the 
shutter*.    A  casual  inspection  of  the  positives  repro- 
duced in  the  appended  plates  shows  that  mechanical  shifts, 
in  wave-leni;ths  ,  of  the  strips  on  one  complete  spectro- 
gram, with  reference  to  one  anot.er,  exist*   This  may  mar 
the  appearance  of  the  photographs  somewhat,  but  the  ultra- 
violet spark  lines  show  the  nagnitude  of  the  displacements 
■  e  ".nat  corrections  can  be  nade,  and  hence  the  ultimate 
scientific  value  of  the  results  is  not  dscreased. 

The  order  of  events  in  taking  a  complete  negative  of 
three  strips  was  invariably  as  follows*   The  thickest 
layer  of  absorbrng  liquid  was  over  the  opening  of  the  slit 
first,  then  the  intermediate  layer,  and  last  of  all,  the 
thinnest  layer  which  usually  tapered  to  infinitesimal 
depth.   This  sequence  ena  >led  the  comparison  spectrum  to 
be  taken  by  novinp  the  shutter,  L,  without  jarrinp  the 
film  holder,  so  as  to  minimlte  the  shifts  of  this  spectrum 


•  Save  the  prating,  t're  rirror  and  the  slit  system,  the 

entire  spectrograph  was  dasipned  and  personally  made  by 
the  writer,  and  because  (mahogany)  wood  was  used  in  the 
construction  of  tne  canera  anri  because  the  work  was  not  dons 
by  machinery , the  photographic  strips  do  not  always  match 
in  position  as  well  as  could  be  desired* 
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relative  to  adjacent  photographic  itrip.   For  negatives  of 
more  than  three  atrips  precisely  the  reverse  succession 
waa  adopted  because  it  was  easier  to  commence  with  the  cell 
in  adjustaent  and  then  to  raise  the  quartz  wedge  parallel 
to  itself  than  to  loMrer  all  three  micrometer  screws  by 
the  same  number  of  turns  until  the  quart*  wodfe  just  barely 
cane  into  contact  with  the  quarts  bottom  of  the  cell* 
With  the  screen  Q  horizontal  the  first  exposure  with  the 
•park  was  taken*   The  screen  was  lowered  and  the  second 
exposure  waa  made,  this  time  with  the  Nernst  glcver.   These 
two  exposures  produced  the  first  of  the  three  photographic 
stripe*    Next  the  film-holder  and  cell  were  moved  the 
proper  distances,  as  explained  above.   The  glower  and  spark 
exposures  followed  in  the  order  naned.   After  again  moving 
the  film-holder  and  cell  the  fifth  and  sixth  exposures 
were  produced  by  the  spark  and  glower  respectively.   Finally 
the  cell  and  diaphragm  were  removed  from  the  slit,  another 
openinp  in  the  shutter  was  adjusted  before  the  film,  and 
then  the  comparison  epectrum  was  Iropreseed.   Almost  always 
the  glower  exposures  lasted  60  sees.,  the  ultra-violet 
exposures  75  sees*,  and  the  comparison  exposures  consumed 
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35  BecBm      The  width  of  the  slit  was  always  0.008  cn»   In 
any  on«  corDplet*  spectrogram  the  exposures  to  the  Nernst 
light  were  all  equal  to  each  other  and  those  for  the  ultra- 
violet were  related  to  one  another  Jn  the  same  manner* 
Bzperlence  showed  that  the  intervals  €0  and  75  seconds  v/ere 
beet  suited  to  cause  the  overlapping  ends  of  the  photo- 
graphic impreeslons  to  blend  as  if  they  had  been  produced 
simultaneously  by  light  from  a  single  source*   Vith  the 
leagest  exposures  used,  the  light  from  the  glower  did  not 
affect  the  films  and  plates  for  wave-lengths  as  short  as 
0.315  Hand  since  the  field  photographed  did  not  comprise 
wave-lengths  longer  than  0.63 /^  ,  there  was  no  trouble  pro- 
duced by  the  ultra-violet  of  the  second  order.   The  screen 
Q  took  care  of  this  matter  so  far  as  the  spark  exposures 
were   concerned.   Figure  ^ 0  plats  1 o  indi cates  how  the 
proceeses  just  explained  can  be  extended  to  negatives  as 
wide  as  may  be  desirable  and  hence  to  us  deep  layers  of 
absorbing  liquid  as  may  be  wished.* 


•  Of  course,  a  eel]  deeper  than  C  mms*  would  be  necessary 
if  the  natter  were  pushed  very  far. 
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RB5ULTS 


Interpratatlcn  o_f  the  Cu  r  v  e  8  .      If  the  d  i  stances  from 
the  edge  of  a  positive  •hich  is  adjacent  to  the  cotnpurieon 
apectrura,  and  which  therefore  corresponds  tc  zero  depth 
of  liquid  In  the  cell,  to  arbitrary  poJnte  on  the  boundary 
of  a  sharply  defined  absorption  curve  be  called  ordlnatee, 
and  if  wave-lengths  be  considered  as  abseisaae,  we  reav 
say  that  the  abeorption  conetants*  aasoclated  with  any 
two  chosen  wa ve-lenp the  are  inversely  proportional  to  the 
ordinatee  belonging  to  theee   wawe-lengths.   This  state- 
ment involves  certain  assumptions,  about  enisslon  curves 
and  sensibility  curves,  a  discuseion  of  which  will  not  be 
giver;  here. 

If  the  edge  of  an  absorption  band  is  a  straight  line 
at  right  angles  to  the  length  of  the  picture  it  Tieans  that 
the  position  of  this  side  of  the  band  will  not  appreciably 
change  with  wide  variations  in  the  concentration  of  the 
solution,  in  other  words,  the  limit  of  absorption  will  re- 
main at  the  same  wave-length  regardless  of  the  corcentra- 

anff  60 

tion.   This  la  roughly  the  case  in  fif'ure8  4  of  plat  es  landZZL 
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at  the  respectiT*  wave-lengths  0.29u  dnd  O.SiSn,    If  this 
condition  holds  for  al3  the  bands  of  a  given  substance, 
which  are  within  or  near  the  confines  of  the  visible  spec- 
trum, the  color  of  the  light  transmitted  by  the  solution 
will  be  the  aame  no  matter  hov  much  the  concentration  ba 
varied* 

Then  the  boundary  of  an  absorption  band  is  a  straight 
line  inclined  to  the  axis  of  vrave-lengthe  it  may  be  inferred 
that  the  limit  of  the  band  will  be  displaced  in  pror-ortion 
to  tne  change  of  concentration,  and  that  the  factor  of 
proportionality  depends  upon  the  angle  which  the  line  makes 
with  the  axis  of  abscissae*   This  is  exemplified  in  plate 

XX   figure  (  (     by  the  portions  of  the  band,  at  wave-length  0.4  (/< 
corresponding  to  the  thicker  layers  of  liquid* 

In  like  manner,  the  general  relation  between  the  dis- 
placements of  the  limits  of  absorption  and  the  associated 
changes  in  concentration  may  be  easily  inferred  when  the 
confines  of  the  absorption  bands  are  curved  sither  convex 
or  concave* 

Explanation  et    the  Tables* 

Two  plans  sug  est  themselves  for  the  sequence  of  the 
experimental  data,  vii.  (a)  to  classify  ths  material  on  the 
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basis  of  th«  characteristics  of  the  absorption  spvctra,  i*9< 
the  succaasion,  intensity,  etc.,  of  the  bands  and  regions 
•  f  absorption;  (  b)  to  arrange  tne  results  accordinr;  to  tne 
chemical  nature  of  the  absorbing  media*   Because  the  first 
method  conforms  -nore  clearly  to  the  professed  object  of 
the  present  research  than  the  second  ,  every  scheme  con* 
slstent  with  it  was  tried  which  sugp.ested  itself>   In 
fact,  all  the  negatives  were  placed  at  one  time  upon  a 
large,  white  area  and  various  tentative  classifications 
were  atteapted*   The  great  number  of  combinations  on  the 
nagativee  of  the  effects  of  weak,  general  absorption  with 
definite,  intense  bands,  combined  with  more  or  less  un- 
certainty as  to  the  interpretation  of  the  negatives  in  the 
region  for  which  the  source  of  the  discontinuous  spectrum 
had  to  be  used,  made  it  impossible  to  find  a  satisfactory 
permutation  of  the  photographic  records*   Consequently 
the  second  plan  suggested  above  was  followed  as  closely  as 
possible*   The  organic  coloring  matters  succeed  one  another 
in  the  same  order  as  is  given  to  them  in  the  English  trans- 
lation by  A*  G.  Green  of  a  book  by  G.  Schulti  and  P.  Julius 
entitled  " k   Systematic  Survey  of  the  Organic  Colouring  Mat- 
ters". MacMillan  ft  Co.,  London  190i.    Thie  connection 
between  the  contents  of  the  volume  just  named  and  the  ma- 
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tsrlal  recorded  belov  has  the  advantage  of  making  it  easy 
to  find  out  many  thinge  about  the  dyee  which  can  not  be 
appropriately  given  here,  such  as  the  names  of  their  dis- 
coverers, their  literature,  patents,  i^ethods  of  prepara- 
tion, behavior  vith  varioue  reagents,  chemical  conatitu- 
tion ,  et c • 

The  dsscrii'tlve  tables  following  this  explanatory 
eection  present  the  experimental  results  in  the  following 
order;- 

( 1)  The  absorption  of  a  small  number  of  interesting  in- 
termediate products,  so-called,  arraned  according 
to  the  alphabetical  order  of  their  names* 

(2)  The  absorption  of  such  dyes  as  were  studied  and  were 
capable  of  identification  with  the  dyes  discussed  in 
the  aforesaid  book  by  Schults  and  Julius* 

(3)  The  absorption  of  such  dyes  as  were  not  unqueetiona- 
bly  the  sa-^e  ae  any  given  in  the  reference  volume* 
The  accounts  of  these  dyes  follow  the  alphabetical 
order  of  their  commercial  nar^es* 

(4)  The  absorption  of  certain  miscellaneous  objects  of 
more  or  less  interest,  in  alphabetical  order* 

Whenever  a  number  without  qualification  is  riven  to  a  sub- 
stance it  refers  to  the  preeent  account,  but  when  a  number 
Is  quoted  from  the  volume  by  Schultz  and  Julius  attention 
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is  cal]ed  to  the  fact  by  the  abbreviation  S.  and  J. 

In  the  brief  account  of  any  i. .  .-j  substance  t:.e  detuilB 

•xfB    prt>6pnted  Ir.  tho  ad'^ueica  explained  by  the  following 

s  entencos • 

let.  The  arbitrary  number  of  the  substance  in  the  pres- 
ent list  ie  given. 
2nd.  The  conmercial  name  of  each  substance  is  recorded 
precisely  ae  it  *a8  labelled  by  the  firm  #hich  fur- 
nished the  coloring  matter.   When  two  firas  sent 
the  saMS  dye  under  tho  saio  or  under  different  names 
the  circumstance  is  explicitly  presented. 

3rd.    lariediately  after  the  com"iarcial  name  that  of  the 
factory  ie  given.   The  dyes  were  obtained  from 
three  sources.   Both  the  Actiengesellac  laft  fur 
Anilinfabrlkatlon  and  M^ister,  Lucius  &  Briining 
presented  a  large  number  of  dyee  of  tneir  manu- 
facture to  the  Johns  Hopkins  University.   The  re'nainini?  dyes 

were  purchased  from  the  firm  of  Kiraer  A  Amend,  New  York. 

The  following  abbreviations  are  used  throughout. 

(A.)  Actiengesellschaf  t  flir  Anilinf  a  J)rlkatlon ,  Berlin  (The 
Berlin  Aniline  Co.)* 

(A.A.C.)  The  Albany  Aniline  Color  Works,  Albany,  N.  Y. 

(B.)  Badische  Anilin-und  Sodafabrik,  Ludwigshaf en  a./Khein 
( The  Baden  Co. ) . 

(By.)  Farben fabriken  vorm.  Fr,  Bayer  &  Co.,  tlberfeld  (The 
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(The  Bayer  Co.). 

(C.)  Leopold  Caeeellu  &  Co.,  Frankfurt  a.»/U» 
(D.)  Dahl  t    Co.,  Barmen. 
(D.H.)  L.  Durand  ,  ilu^uenin  ft  Co.,  Basle  and  Huningen. 
(3.)  J.  R.  Gelgy,  Basle. 
(I.)  Societe  pour  I'Iniustrle  Chinlque  (formerly  Bindsched- 

ler  ft  Buflch) ,  Basle* 
(K.)  Kails  ft  Co.,  Biebrich  a./Rhein* 
(M.)  Farbverke  vorm.  Meister,  Lucius  ft  Briinlng ,  Hochst 

a./  Uain  (Meister,  Lucius  A  Briinlng,  Limited)* 
(0.)  K.  Oehler,  Offenbach  a./  Slain. 

(P.)  Societe  Anonyme  dss  Matleres  Colorantes  de  St.  Denis, 
Pari ■• 
4trt.  The  chemical  n^-ne  of  the  absorbing  Tiediua  is  given  . 
5th.  Reference  is  made  either  to  the  figure  (or  figures) 
and  plate  which  belong  to  the  substance  under  dis- 
cussion itself  or  to  a  figure  which  is  very  much 
like  the  spectrograns  of  the  dye  considered. 
6th.  When  possible,  the  number  of  the  dye  or  the  page 
of  the  Intermediate  product,  as  found  in  the  vol- 
ume of  Schults  and  Julius,  is  recorded. 
7th»  The  color  and  superficial  character  of  the  dry 
coloring  uatter  is  suRirasted. 
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8th»  The  color  of  the  solution  as  observed  in  a  test- 
tube  is  folloved  by  the  color  in  the  cell*   The 

change  of  color  »ith  thickneea  is  often  signif- 
ioant « 

9th*  Tken  follovs  the  concentration  in  grana  of  dry 

•elvend  In  a  liter  of  eolvent.   The  term  "saturated" 
is  to  be  understood  in  ita  general,  practical  sense 
and  not  in  the  alnost  unattainable,  theoretical 
aense*   Parenthetical,  qualifying  vorda,  such  as 
"(heated,  filtered)",  call  attention  to  the  fact 
that  the  substance  doea  not  dissolve  readily  in 
water,  or  that  the  solution  contained  gritty,  for- 
•iga  raatarial,  etc. 

10th*  Next  ia  given  the  angle  between  the  quartz  plates 
forning  the  top  and  bottom  of  the  various  cells 
used*   In  tha  eama  line  the  numbers  denote  in  order 
the  alnimum  and  maxlau-n  depths  of  solution  through 
which  the  light  passed  before  acting  upon  the  outer 
limit*  of  the  negativo*   The  intermediate  thickneeseB 
vary  linearly,  of  course.   The  same  angle  is  not 
always  associated  with  the  same  aaxiauii  depth,  even 
whan  the  minimum  thickness  is  unchanged,  becausa 
•everal  cells  of  different  dimensions  were  enployed. 
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11th*  Finally,  a  brief  account  of  the  most  noticeable 

characteristics  of  the  absorption  spectrun,  between 
the  limits  0.20   and  0*63    ,  ie  furnished* 
The  results  of  eye-observations  of  the  absorption 
spectra  coae  firat  and  serve  ae  checks  on  the  photographic 
records*   The  data  obtained  visually  are  qualitatively 
reliable  for  all  strong  bands  betvreen  0*40yi.<  and  0*63    • 
For  cases  of  very  weak,  general  absorption  much  lees  Im* 
portance  oust  be  ascribed  to  the  visual  results  because, 
unfortunately,  the  cells  were  not  constructed  so  as  to 
present  side  by  side,  in  the  field  of  viewe,  two  spectra, 
the  one  of  tne  light  after  passing  through  the  absorbing 
solution,  the  other  of  the  unabsorbed  light  direct  from  the 
Nernst  glower* 

W^en  the  solution  is  fluorescent  ,  or  decomposes  when 
ultra-violet  light  falls  upon  it,  or  possesses  a  character- 
istic «der,  etc*,  the  facta  are  noted*   That  the  spectro- 
grams are  not  distorted  by  the  presence  of  fluorescent 
light,  but  giv»  as  true  records  of  the  absorption  spectra 
of  fluorescent  compounds  ae  they  do  for  non-fluorescent 
Bolutions,  was  ascertained  by  direct  experiments.  (In  par- 
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tloular,  sea  tne  record  for  aolution  No.  107.) 

Lastly  the  apiToximate    wav8-l«ngthe  of  ine  maxima  and 
minima  of  abeorptlon,  as  obtained  from  the  spectrograms, 
are  given,  beginning  near  0.20    and  continuing  to  .063   . 
When  the  jrave-lengths  of  the  "ends"  of  a  region  of  ab- 
sorption are  given  they  obviously  have  significance  only 
under  the  conditions  of  tnickness  of  absorbing  layer,  of 
concentration,  of  length  of  photographic  exposure,  etc., 
vhich  prevailed  at  the  time  when  the  spectrogram  was  taken. 
The  "axima  are  not  subject  to  the  same  limitations.   The 
fact  that  the  Seed  films  can  produce  spurious  absorption 
bands  in  the  green  must  be  again  emphasized.  ( See  fig*  92 
plate  24).  When  the  end  of  the  spectrogram,  which  marks 
the  fading  away  of  the  sensitiveness  of  the  emulsion  from 
the  yellow  to  the  orange,  is  practically  a  straight  line 
perpendicular  to  the  length  of  the  spectrogram  it  means 
that  there  is  no  appreciable  general  absorption  in  this 
locality,  but  when  the  limit  just  specified  is  approximately 
a  right  line  inclined  at  an  obtuse  angle  to  the  positive 
direction  of  the  axis  of  wave-lengths  it  signifies  that 
appreciable  general  absorption  is  present  in  this  region. 
Figures  57a  and  57b  of  plate  15,  and  also  figures  47  and  48 
of  plate  12,  contrast  the  apparent  absorption  as  shown  by 
a  film  in  a  region  of  wave-lengths  for  whnch  the  emulsion  la 
only  sli^^htly  sensitive  with  the  true  absorption  as  recorded 
by  a  plate  posseasing  full  sensitiveness  to  tne  sane  part  of 
the  spectrum. 
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INTER-VBDIATE  PRODUCTS. 

1*  Amidonaphtholdisulphonic  Acid    H.    (M*) 
Fig.  1,  plats  1. 
Pp.  57  and  58  S.  and  J. 
Grayish  whits  lumps. 

In  solution;  brownish  yellow;  colorless. 
Saturated . 

Angle  27. *3  .  Depth  0  to  0.25  mm. 
No  visible  absorption.  Intense  blue  fluorescence.   Ultra 
violet  absorption  ends  about  0*347  :/  . 

2*  ^  -  Naphtholdisulphonlc  Acid    G.  (M.) 

Figs.  2  and  3,  plate  1. 

P.  51  S.  and  J. 

Pinkish  white  ponder. 

In  solution;  colorless. 
Saturated. 

Angle  27. *3.  Depth  0  to  0.25  mm* 
No  visible  absorption.   Intense  blue  fluorescence.   The 
absorption  ends  very  definitely  and  follows  approximately 
a  straight  line  from  0.346  to  0.356/^:  •  Pigure  3  shows  the 
absorption  exhibited  by  a  solution  made  by  diluting  a  cer< 
tain  volume  of  the  saturated  solution  to  eight  times  its 
original  value. 
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3.  £  -  Nitrauiline.  (  Powder,  "extra".)    (M*) 

P.  12  S.  and  J. 
Lamon  yellow  powder. 
In  solution  jellow;  faint  yellow. 
Saturated* 

Anple  37. '1.   Depth  0  to  0.34  mm. 

No  visible  absorption  is  produced  by  a  column  6  cms.  deep. 
The  entire  ultra  violet  absorption  is  weak.   A  region  of 
slight  absorption  fron  0*20    to  0.253'  is  followed  by 
transparency  as  far  as  0*34   •   Faint  absorption  extends  fron 
0»34   to  0.40/   .  From  0.40    to  0.63    no  absorption  is 
noticeable. 
4*  <0  -  Nltrobenxaldehyde.  (M«) 

P*  61  S»  and  J* 
Vhite  needles. 
In  solution;  colorless. 
Saturated. 

Angle  31. '2.   Depth  0.  to  0.29  mm* 
Extreaely  weak  abeorption  from  0.20 
•nt  from  0.24   to  0*63   • 
5  •  jg^  -  Nitrosod  imethylaniline. 

Fig*  5,  plate  1. 

P.  32  S.and  J. 
Dark  green  crystalline  powder. 
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In  solution;  brownish  yellow;  clear  yellow. 

Saturated* 

Angle  23*  .i.  Depth  0.  to  0.21  mm. 

Strong  absorption  In  Tlolet  and  blue  increasing  towards 

tha  ultra  violet*   A  remarkably  transparent  region  extends 

froa  0.30   to  0*375    *   All  the  strong  lines  between  0*324 

and  0*363   are  transaltted  with  almost  no  decrease  in 

intensity**  A  very  round  band  stretched  from  0.375   to  0.488  t 

with  its  maximum  at  0*432    •   Complete  transparency  from 

0*49    to  0.63    * 

6*  Resorcine  (  techn*  pure*)   (V*) 

Fig*  4,  plate  1* 

P*  45  S*  and  J* 

Vhite  crystalline  lumps. 

In  solution;  colorless* 

Nearly  Saturated. 

Angle  29*. 3  .Depth  0  to  0*27  mm. 

No  •>  isible  absorption.   Very  faint  yellow  in  a  layer  a 

decimeter  thick*   The  absorption  ends  very  abruptly  and  shows 

an  almost  vertical  right  line  determined  by  0*287   and 

0*293 


•  R.  W.  Wood.  "On  Screens  Transparent  only  to  Ultra-Violet 
Light  and  tneir  Use  in  Spectrum  Photography ".Phil.  Mag. 
V.  5,  Feb.  1903  pp.  257-263. 
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7.  Naphthol  Tollov.  (A.)  Naphthel  Tallow  S.  (»•)  Sodium 
■  alt  of  d  Ini  tro-cnaphthol'IS-monoaulphonl  c  acid* 

71f;«  6,  plata  2. 
No*  4  3*  and  J» 
Oranga  yallow  powder* 

In  BolutJon;  browniBh  yallow;  pure  yellov. 
Saturated  I  (heated)* 
Angle  31**2.  Depth  0  to  0*29  mn* 

Intense  band  in  violet,  ultra*violet  eide  Inyisible*  Ab- 
sorption decreases  from  0*20  tovards  0*335    *  Transparent 
ragien  around  0*335   *  A  pair  of  overlapping  bands  extend 
from  about  0*34S    to  0*465   •   Their  maximum  absorption 
is  at  0*385   and  their  least  absorption  is  at  0.41   *  Very 
transparent  from  0*465   to  beyond  0*63   • 
8*  Aurantia*   Ammoniun  salt  of  hexanitro-diphenylamine* 
Fig*  7,  plate  2* 
No*  6  S*  and  J* 
Peddish  brown  crystals* 
In  solution;  dull  red   yellow* 
10.00  g.  per  liter,  (filtered)* 
Angle  42**5*  Depth  0  to  0*36  mm« 

Cfeneral  abeorptlon  in  violet*  Absorption  decreaees  from 
0.20   towards  0*28   .  Transparent  region  from  0.28   to  0*33 
Wide  band  from  0*33   to  0*49   with  its  maximum  at  0.41   * 
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Ab  the  concentration  inoreasos  the  absorption  encroaches 

much  falter. on  the  transparent  region  in  the  ultra-Yiolet 

than  on  the  ll-nit  in  the  yellow.   Very  tranoparent  to  yellow 

and  orange. 

9.    Faet   Yellow*    (B«)         Bodlua   salt    of    atnldoaxotoluene-di- 

Bulphenie  acid* 

Fig*  8,  plate  2. 

No*  9  S*  and  J* 

Brownish  yellow  powder* 

In  solution;  brownish  yellow;  yellow. 

15*00  g*  per  liter. 

Ingle  23*.4  .Depth  0  to  0*21  mm* 

Absorption  in  violet  and  blue*   Alieorption  decreases  grad- 

uallf  from  0..20   to  seni-transparency  at  about  0*34   .  A 

wide,  diffuse  band  extends  from  this  region  to  about  0*475 

Its  maxinum  is  at  O.IO   *  Transparent  from  0*475   to  0*63   • 

10*0range  6*  (A*)   Sodium  salt  of  benzene-azoo0«naphthol* 

disulphonic  acid  G. 

Fig*  9  ,  plate  <i  • 

Ho.  14  S.  and  J* 

Yellowish  red  powder* 

In  solution;  red;  yellew. 

Saturated,  (heated)* 

Angle  21*. 3*  Denth  0  to  0.18  mm* 
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Strong  absorption  in  blue  and  r>r«en*   Sharp  on  yellow  edge* 
Tvo  untra'Tlolet  bande  meet  at  about  0*29.  in  a  semi-trans* 
parent  spot*   The  maximum  of  ti;e  lees  refrangible  band  is 
0*3^5   •  This  strong  band  neete  a  very  weak  one  at  Ot'if>5      • 
The  centre  of  the  weak  band  is  Q»3B/.:  •  The  weak  band  joine 
an  intense  one  at  0.42   .   This  last  band  JoJne  a  atill 
stronger  band,  from  which  it  ie  not  resolved,  at  0*485   • 
The  maximum  of  the  stronger  band  ie  at  0.505   •   Absorption 
ceaeee  at  0*53    •  Complnte  transparency  to  0.63    • 
11*  Ponceau  2  G»  ( V. }   Sodium  ealt  of  benzene*&zo-8-naphthol- 

dl«Bulphonic  acid  R. 

Fig*  10,  plate  3. 

HO.  15  S.  and  J. 

Bright  red  powder. 

In  solution;  yellowish  red;  yellow. 

7.00  g.  per  liter,  (filtered). 

Angle  27*.3.  Depth  0  to  0.25  mm. 

Comparatively  weak  band  in  the  blue-green  with  a  shadowy, 

fainter  companion  on  the  yellow  aide.   Absorption  decreaeee 

gradually  from  0.20   to  0.34   •   The  nearly  transparent 

is 
region  from  0.34   to  0.44   ^interrupted  by  a  very  faint  band 

having  its  maximum  at  0.39-  .   The  pair  of  stronger  bande 

extend  from  0.44   to  0.545   .   Transparent  from  0.545^te 
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a* 


0*63.  •  Same  •mpirieal  formula  as  No*  10*   No*  10  is  ds* 
rlvsd  from  the  Q   acid  whils  No*  11  is  a  salt  of  the  H  acid* 

12*  Chryso'idins*      Hydrochlorids  of  dianidoasO"bsnzane* 
Fig*  11  ,  plate  3* 
No*  17  S*  and  J* 
Reddish  brovn  powder* 
In  solution;  brovn;  yellow* 
10.00  p.,    per  liter,  (filtered)* 
Angle  23**4.  Depth  0  to  0*21  mm* 

Absorption  in  violat,  blue  and  green  with  niaximum  in  the 
indigo*   Absorption  decreases  from  0*20   to  0*33/   •  Trans- 
parent from  0*33//  to  0*36//  •   A  pair  of  broad,  unseparated 

bands  absorb  from  0*36    to  0*54/   *  The  band  of  greater 

/ 

ref rangibili ty  is  the  more  intense  and  nas  its  maximum 
at  0*43   •   Transparent  from  0*54  y  to  0»63   •   The  less 
refrangible  band  disappears  first  on  dilution  •   A  five- 
etrip  negative  shows  that  the  outer  boundaries  of  the  pair  of 
band*  are  steep  and  definitet 
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13*  Chromotrope  6  B  (V«}.  Sodium  Bftlt  of  j^*&c*tanidob*n  z«n«- 

aso»l*8  •  dloxy-naphthalan»<*3 '« 6  diaulphonic  acid* 

fig*  12 t    plate  3* 

No*  3  8  8*  and  J. 

Grayish  brovn  powder* 

In  eolutioni  red;  pink* 

5*71  g*  per  liter* 
Angle  11**7.  Depth  0  to  0*11  mm* 
Strong  abeorption  in  green^yallo**  Transparent  from  0»35i^ 
to  0*465    .  A  strong  band  has  its  beginning  at  0*465  "  and 
Its  maximuo  at  0*515//.   •  The  less  refrangibl*  side  Joins 
a  vaak  companion  band  extending  into  the  orange  and  red* 
Ifore  dilute  solutions  show  that  the  Intense  band  is  symmetri 
oal  with  respect  to  its  aaximum  until  it  joJns  the  associa- 
ted band*   More  concentrated  Bolntions  show  very  distinctly 
the  weaker  band  in  tuo  crange-red* 

14*  Aio  Coccine  2  R*  (A*)    Sodium  salt  of  xylene-aso»a- 
naphthol-^-BUlphonic  acid* 

Fig.  13 ,  plate  3. 
No*  50  S*  and  J* 
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RsddJoh  brown  powder* 

In  solutioni  salmon  pink;  saliton  pink* 

Saturated,  (heated)* 

Angle  27**3»  Depth  0  to  0.25  nm* 
Narrov  bani  in  the  blue-green*   An  absorption  band  of 
very  Indefinite  edgea  extends  from  about  0*48    to  0.53 
with  its  naxiraum  at  0*505/.  .   Transparent  from  0*53    to 
0.63 

15*   Brilliant  Orange  G*  (V*)     Sodium  salt  of  xyl ane-azo -o- 
naphthol-dleulphonic  acid* 

Fig.  li,  plate  4. 

No*  54  S*  and  J. 

Cinnibar  red  powder* 

In  solution;  yellowish  red;  deep  yellow* 

7*00  g.  per  liter 

Angle  23* .4.  Depth  0  to  0*21  mm. 
Intense  absorption  in  blue-green  and  blue*   Very  sharp  on 
the  yellow  side*   Absorption  decreases  from  0.20   to  weak 
absorption  at  0.295    ,  then  increase*  to  maximum  absorption 
at  0.32    •  At  0.355  semi-traneparency  obtains*   A  definite 
band  has  its  icaximum  at  0.395/'   and  Joins  the  next  band  at 
0*43  "^  .   The  rext  band  has  its  maximum  at  0*48    and  Joins 
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the  adjacant  band  at  0.505    .  Ths  final  band  has  a  maximum 
at  0*52   •  Absorption  ands  at  0«545    •  Completa  transpar- 
•ney  to  0*63/   •  Th»  band  at  0*395   disappsars  rapidly  with 
dilution*    Same  amplrical  formula  as  solution  Ko»  14. 
16*  Ponceau  2  R«  (A«),  (M*)    Sodium  salt  of  xylene-asoop- 

naphthol-dlsulphoni e  acid* 

Similar  to  fig*  15,  plate  4* 

No*  55  S*  and  J* 

Brownish    r«d    pourder* 

In  fiolutioni  rsd i  pink* 

5.00  g.  per  liter  (heated). 

Angle  27**3*  Depth  0  to  0*25  mm* 
Hasj-edged  band  in  the  blus-green*  Similar  absorption  to 
that  of  solution  No*  17  in  the  ultra-violet  and  identical 
with  it  in  the  visible  region* 
17.  Ponceau  i    R*  (A*),  (K.)   Sodium  salt  of  Oi^«cuffiene»a*o- 

0-naphthol-disulphonic  acid* 

Fig.  15,  plate  4* 

No*  56  S*  and  J* 

Dark  red  powder. 

In  sriution;  red;  pink. 

5.00  g.  per  liter,  (neated). 

Angle  29*. 3.   Tepth  0  to  0.27  mm* 
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An  absorption  band  is  in  the  blue-green*   It  has  its  maximum 
at  0*50   and  extends  from  about  0*47    to  0*54    •  Trans'* 
parent  from  0»54  to  0*63    • 
18»  Crystal  Poncaaw  6  R.  (A.),  ('^.)  Sodium  salt  of  a-naph- 

tlftlen«-aBO-0onapkthol*d  isulphonie  acid* 

Similar  to  fig*  IS,  plate  i» 

No*  64  S*  and  J* 
Brcwnsih  red  crystals  with  golden  reflex* 

In  solution;  light  r»di  pink* 

5*00  g»  per  liter,  (heated). 

Angle  27*  13  •  Depth  0  to  0*25  mm* 
Hasy-edged  band  in  the  blue-green  and  green*  Similar  ab- 
sorption to  that  of  solution  No*  17.  The  visible  band  ex- 
tends frcn  0*465   to  0.56    vith  its  mMxinum  at  0*51    . 
19*  Bordeaux  B.  (V.)   Sodium  salt  of  a-napkthaIeno*axo-0- 

n*phthol-di sulphonic  acid* 

Fig*  16 ,  plats  4. 

No*  65  S*  and  J. 

Brown  powder. 

In  solution;  red;  red. 

4.16  g*  per  liter. 

Angle  4^**5.    Depth  0  to  0.36   mm. 
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Haiy  adp:*d  band  In  the  gTe^ti,    Band   from  0*485   to  0.545/ 
vlth  maxJauB  at  0.515   •   Tna   least  refrangible  ends  for  all 
the  spactrogramB  elope  thus  enovinj^  that  there  in  some 
general  abeorption  in  the  orange*   !lore  concentrated  eo- 
lutloae  ehow  that  the  greatest  tranaparency  occure  at  0.414 
Sane  empirical  formula  as  N««18* 
20.  Coccinine  B«  (M.)    Sodium  ealt  ef  j[^*aiethox7-teluen«* 

aco^ff-aaphthol^di sulphonlc  aci4» 

Similar  to  fig*  15,  plate  4* 

No*  73  S*  and  J. 

Dark  r#d  powder* 

In  eolutlea;  bright  red;  red* 

13*64  g*  per  liter* 

Angle  12* aS*  Depth  0  to  0*11  mm* 
Strong  abeorption  in  green  yellow.   Similar  to  solution  No* 
17  eave  that  a  weak  abeorption  band  eeems  to  have  the  limite 
0*315    and  0*355    with  a  maxinum  at  0*3i   .   Intense  band 
from  0.465    to  0.555   with  a  naxlmum  at  0.51f  x^  •  Trane- 
parent  from  0*555/   to  0.63   •  Very  concentrated  solution  or 
daeper  layers  ehow  that  the  trarsparent  region  on  both  sidee 
of  0.41   beeomaa  opaque  mash  faster  tuan  tna  orange  and  red 
region.    Hed  ie  transmitted  when  all  ehorter  wave-lengthe 
are  absorbed  completely*  The  eolution  exhibits  etrong  die- 
persrTe  power. 
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21*  loBamine  B.  (A.)   Sodium  salt  of  2.*c''^Bd"^*'^^y^"0'^^*''" 

a20'a*naphthol*d i sulphonie  acid* 

Fig.  17  ,  plRte  4. 

No>  74  8*  and  J* 

Reddish  brown  powder* 
In  solution;  yallowiBh  red;  pink* 

8*89  g.  per  liter* 

Angle  21' .S*  Depth  0  to  0*18  mm. 
9troag  band  in  blue-green  and  green*  Intense,  round  band  from 
0*465   to  0*565   Vith  ite  raaximum  at  about  0*52   •  Trans- 
parent  froa  0*565   to  0*63/   •  tai?ie  enpirical  formula  as 
NO*  iO» 
22*    Irika  B*  (A*)    Sodium  salt  of  methyl-benzenyl-amido- 

thio-x7lenol*ato-e*naphthol*disul phonic  acid* 

Tig*  18,  plate  5* 

No*78  S*  and  J* 

Reddish  brown  powder* 
In  solution;  red;  pink* 

6*67  g*  per  liter. 

Angle  19* ad.  Depth  0  to  0.18  mm* 
Strong  abeorption  in  blue, green,  and  green  yellow*   Two 
unresolved  bands  absorb  strongly  from  0*46   to  0*59/   • 
The  more  refrangible  band  ie  of  greater  intensity  than  ite 
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companion  and  has  iti  maximum  at  0*52/  •  Slight  absorption 
in  the  orange  ia  folloved  by  j^reater  transparency  in  the  red* 
23*  Enin  Red*  (A«)  Sodium  salt  of  methyl-bensenyl-amido* 
thiexylenol-axo-3*naphthol-sulphonlc  acid* 

rig*  19  ,  plate  5. 

No*  60  S*  and  J* 

Red  pounder* 
In  solution;  red{  pink* 

Saturated  I  (heated)* 

Angle  31**2*  Depth  0  to  0.29  mm* 
Weak  haiy  absorption  in  blue  and  green*   Strong  absorption 
from  0*20   to  about  0*35    then  a  rather  rapid  decrease 
in  absorption  sets  in.   From  0,;i8   to  0*45   a  semi-tras-apar- 
ent  region  axiDts*   A  round   band  extends  from  0*45  to  0.54 
Ite  maximum  is  near   0.495    .  The  lesa  refrant^ible  side 
of  tnis  band  is  far  more  definite  than  its  ultra-violet 
edr.e*   Transparent  from  0*54    to  0*63    * 
21-*  Janus  Green  (M.)    Chloride  of  saf  ranina-aao-d  imethylani- 

line. 

No.  81  S.  and  J . 

Olive  green  crystalline  powder. 
In  solution;  blue;  blue* 

4.60  g.  per  liter* 

Anple  17».0.  Depth  0  to  0.14  m-n. 
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land  in  orange  aid  orange-red.  Transparent  to  pure  red.   Very 

general  abeor'tion  in  ultra-violet  decreaBing  gradually  from 

0,20   to  O.tO   .  Transparent  from  0.40   to  0«315«  .The 

absorption  uind  begins  at  0*515   • 

25*  Tropaeoline  0*  (C»)    So<£ium  salt  of  2.   ~s'>^lp-iobenzene- 

ato-resorcinol* 
Similar  to  fig*  iZ,    plate  11* 
No*  8^  S*  anO  J* 

Brovn  povder* 

In  solution;  «ine  color;  yellow* 

Saturated)  (heated)* 

Angle  35**S*  Pepth  0  to  0*31  mm* 
Faint  absorption  in  the  violet*   Similar  absorption  to 
that  of  solution  No*  81*  Weak  i^beorption  from  0*20   to 
0*27b   .  Tranapirent  from  0*275    to  0*325  .•  A  weak,  hazy- 
band  extends  fron  0*325    to  0*41    ^itu  it   maximum  around 
0.37   *  Transparent  from  0*41/  to  0»C3    * 
26*  Tropaeoline  000  No*  1*    Sodium  Aalt  of  ^-uulphol ben zene- 

&zo-«-naphthol* 

Similar  to  fig*  14,  plate  I* 

No*  65  S*  and  J* 

f^sddieh  brown  poivder. 

In  solution: redi  salmon  pink* 

6*67  g*  per  liter* 

Angle    21**3*    Depth    0    to    0*18    nnoi* 
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Absorption  in  violet,  blue  and  z'"'^^^*      Birallar  absorption 
to  tnat  of  solution  No.  15.   Ratner  strong  absorption 
contmuas  from  0.20   to  about  0*33   and  thcrt  dscroase « 
rapidly  to  ■•al-tranaparanoy*   A  tolerably  transparont 
ragion  is  from  0.35   to  0*37   •   Three  unresolved  band* 
with  naxima  at  about  0*41   ,  0.48   and  0.52   follow.   The  in< 
teroediata  polata  of  lees  intensity  of  absorption  are  0*435,' 
and  0*430   •  At  0*345   the  absorption  ceases*   Transparent 
from   0*545  '  to  0.C3   . 
27*  Tropaeoline  000  No.  2.  Sodium  salt  of  ^"sulphoben zena- 

aio-3»n«phtol. 

!Io.  86  S.  and  J* 

Bright  orange  ponder. 

In  solution;  deep  red i  salmon  pink* 

14.00  g.  per  liter. 

Angle  21*. 3*  Depth  0  to  0«ie  mm* 
Tieible  absor'tion  and  spectrogram  identical  with  Ho*  26* 
Similar  aosorution  to  that  of  solution  No*  13*  Nos*  iS    and 
27  have  the  same  anpjrical  formulae  but  differ  by  a  and  |3 
in  the  naphtol. 
28*  Jletayl  Orange  III.  (P.)   Sodium  salt  of  ^.-sulphobeni  jne- 

aso'dimetaylaniline* 

Tig*  20,  pl;ite  5. 

No.  87  5.  arid  J. 
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Ochre  yellow  powder* 

In  solution^  redi  yellow* 

Saturated,  (lieated}* 

Ingle  27*«3«  Depth  0  to  0.25  mm* 

Absorption  jn  blue  and  green*   A  strong  band  extends  from 

0*36    to  0*525   •  This  band  ie  very  round  wit.i  its  raax- 

ia«a  at  0*44   •  Transparent  from  0*525   to  0*63    * 

/  y 

29*  Tropaeoline  00,  (C*)     Sodium  salt  of  £-sulphobenzane- 
aso'diphenyla-nina* 

Similar  to  fig.  22,  plate  6* 

Ve*  88  S*  and  J* 

Yellow  povdsr* 

In  solution;  7ello«/lsh  red;  yellow* 

6.00  g.  per  liter,  (heated  and  filtered). 

Angle  25*  •5.  Depth  0  to  0*21  nm* 
DelJeate  absorption  in  violet  and  blue*   Siailar  absorption 
to  t.iat  of  solution  Mo.  32*  The  extreme  ultra-violet  ab- 
sorption is  weak  because  the  lines  near  0*23   show  on  all 
three  photographic  strips*   Frura  0*385/   to  0*47,  a  weak 
absorption  band  obtains  with  its  maximum  at  0*43/  •  The  sub« 
etace  is  very  transparent  to  yellow  and  red*   Nos*  29  and 
32  hava  the  same  empirical  formulae*   No.  29  is  the  para 
compound  and  No*  32  is  tne  meta.   No.  29  shows  weaker  ab- 
aorptioa  than  No.  32* 
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30.  Curcumelna  (A.)    Wixtare  of  nitrated  d iphenylanine  yol- 
low  #ith  nitrodlphenylamine. 

Fig*  21,  plnta  3* 

No*  91  S.  and  J. 

Ochre  yellow  po*der. 

In  Bolutioni  red;  yellow. 

Saturated,  (ideated)* 
4ngle  27*«3*  Depth  0  to  0.25  mm* 
Absorption  in  violet,  blue  and  blue»green*   Absorption  com- 
plete at  0*20    and  decreases  very  gradually  #ith  a  com- 
paratiToly  definite  contour  to  0*455   •  Transparent  from 
0*455   to  0.63 

31.  Aso  Acid  Yellow.  (A.)   Axo  Tello«,  cone*.  (V.)  Wixtare 
of  nitrated  dlphenylamlne  yellow  with  nltro-diphenyla- 
nine. 

Similar  to  fig.  21,  plate  5. 

No.  92  S.  and  J. 

Oehre  yellow  powder. 
In  solution;  brownish  yellow,  yellow. 

Saturated,  (heated). 

Angle  27*. 3.  Depth  0  to  0.25  mm* 
Strong  absorption  in  violet,  blue  and  blue-green.  Similar 
absorption  to  that  of  solution  No.  30.  Absorption  is  nearly 
complete  anc'  uniform  from  0.20   to  about  0.39   .  Then  the 
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abaorptlon  decreases  in    a  gently  aloplng  curve  to  about 
0*505   •  Transpatent  to  yellow  and  red*   Nob.  30  and  31  are 
mlxturea  of  the  eaaa  constituents  and  have  very  similar 
regions  of  absorption* 
32*  Xetanll  Yellow.  (A.)*   Sodium  salt  of  m-sulphobenzene-axo' 

diphenylamlne* 

Fig*  22,  plats  6* 
No*  95  S.  and  J. 
Brownish  yellow  powder* 

In  solution;  yellowish  red;  yellow* 

4.29  g.  per  liter,  (filtered). 

Angle  2ck*.4*  Depth  0  to  0*21  mm* 
Absorption  in  violet  and  blue*  A  band  with  very  indefinite 
periphery  extends  from  about  0*36   to  0*47/  *  The  niaximum 

is  near  0*41   .  Transparent  to  yellow  and  red*   A  very  con* 

/ 

centrated  solution  shows  complete  absorption  from  0.20   to 

0.51   with  a  seni-transparent  spot  at  0.34/  and  maximum 

/  / 

absorption  at  0*40/^  •  Absorption  ceases  abruptly  at  0*535^  . 
33.  Naphthylamine  Brown*   Sodium  salt  of  ^^'-sulphonaphthalene- 

aso-a*naphthol* 

rig*  23 ,  plate  6* 

No.  101  S*  and  J* 
Brown  powder. 

In  solution;  reddish  brown;  almost  colorless* 
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11*11  g»  per  liter,  (heated  and  filtered). 

Angle  30*. 0.  Depth  0  to  0,45  mm. 

iiidefinita 
Tery  «eak ,  general  absorption  for  all  colore  of  shorter  wave- 
lengths tnan  tne  yellov.   A  maximura  of  transparency  is  about 
0«-(^3   •  The  apparent  absorption  at  0*52   ie  -^uch  dxai'Ferated 
by  tne  lack  of  relative  sensitiveness  of  the  photographic 
film  at  tals  spot*   Very  slight  absorption  from  0*^5   to 
0*63   •  A  weaker  aolution  presented  only  ultra-violet  ab* 
sorption* 
34*  Fast  Red.  A.  (A.)  Mev  Cocc:ne  0  ( M* )  Sodium  salt  of 

2.- a  ulphonaphthalenc-a  so -0 -naphthoic 

rig.  24,  nl'ite  6. 

Mo*  102  S.  and  J. 

Brownish  red  powder. 
In  solution;  red;  p:^nk* 

5.00  g.  per  liter,  (heated)* 

Angle  27**3.  Depth  0  to  0*25  mm* 
Haty  absorption  in  blue-green  and  general  absorption  in  blue. 
Muddy  looking  solution.   Two  partially  resolved  bands  ex- 
tend from  0.415   to  0«54   with  maxima  of  absorption  at  about 
0*45   and  0,505   .  The  less  refrangible  band  is  tne  more  in- 
tense.  Orange  and  red  are  transmitted  but  the  eloping  end 
of  tne  photograph  shows  tnat  slight,  general  absorption 
is  present  In  the  orange*   Nos.  33  an4  34  have  the  sa-ae  empir- 
ical formulae.   They  differ  by  a  and  0  naphtol* 
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35.  kzo    Rubine  S.  (A.)    Sodium  salt  of  £-Bulphonaphtfialene- 

aio-o-nttphthol-j)^-8ulphoni  c  acid  • 
Sirail>ir  to  figure  15,  plate  4» 
NoalOi  S*  and  J* 

Bro«n  po^vdsr* 

In  Boljtio^i  red;  pink* 

10.00  g*  per  liter* 

ingle  19* .S*  Depth  0  to  0.18  mm* 
Absorption  in  green.  Much  like  solution  No*  17  with  slight 
difference  in  ultra«violet  .  Absorption  decreases  from  0.20/^ 

to  0.27   .   The  strong  lines  at  0,255   and  0*275/  are  trans- 

/  / 

mitted  by    th«  deei^est  layer*   Absorption  increases  from  0*27/^ 
to  a  maximum  at  0*315/-  •   Then  t.ie  absorption  decreases 
to  appruxiaats  transparency  at  0.36/  •   Transparent  from 

0*36   to  0*465   .  Strong  band  from  0*465   to  0.555   vith 
aaxifflun  at  0*51   ■   The  visibld  ba.nd  is  in  the  same  place 
as  the  like  band  of  No*  20  but  the  ultra-violet  is  differ- 
ent*  Transparent  to  orange  and  red. 

36.  Fast  Red,  ext^ra.  (A.)    Sodium  salt  of  £<>sulphonaphtha- 
Isne-azo-p-naphthol-mono-sulphonic  acid. 

Similar  to  figure  15,  plate  4. 
No*  105  S*  and  J* 

Reddish  brovn  povdor* 
In  solution;  red;  pink. 

7.00  g.  per  liter. 
Angle  27* *3*  Depth  0  to  0.25  mm. 
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Absorption  In  blu««>gre0n  and  green*   Absorption  the  same 
througliout  as  for  No*  35  except  the  position  of  the  visible 
band*   Ho.  36  absorbs  from  0.460   to  0*545   with  the  maximum 
at  0*505   .   Same  s:iplrical  formula  as  for  No*  35* 
37*  New  Coccine  (A*)   Sodium  salt  of  jg^-sulphonaphthalene- 

aso-0-iiaphthol«di  sulphonic  aoid* 

Similar  to  fig*  17,  plate  l* 

No.  106  S*  and  J. 

Scarlet  red  powder* 

In  solution;  yellowish  red »  pink* 

10.00  g.  per  liter* 

Angle  23*. 4.  Depth  0  to  0.21  mm* 
Absorption  in  blue*graen  and  green*   Similar  absorption 
to  t.-iat  of  solution  No.  il»      Absorption  decreases  from  0.20y^' 
to  transparency  about  0.37   •   A  strong  round  band  from 

0*445   to  0*56   has  its  maximum  at  0*51   •   Transparent  from 
0*56   to  0.63  <  • 
38.  fast  Brown  3  B.  (A.)    Sodium  salt  of  aulphonapht halene- 

aso-a-naphthol* 

rig*  25,  plate  7* 

No*  111  S*  and  J* 

Dark  brown  glistening  powder* 

In  solution;  reddish  brown;  faint  brown* 

15.00  g.  per  liter. 

Angle  27'. 3.  Depth  0  to  0.25  mm* 
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Abaorptlon  most  intense  In  blie-gr«on  and  green  with  slight 
general  absorption  on  both  sides*   4  fairly  strong  band  from 
0*46   to  0.54   has  its  maxiraun  at  0*51    •   No  definite 
band  from  0*54    to  0*63   but  general  abeorption  is  nad* 
evident  by  the  slope  of  the  end  of  the  negatiTC* 
33*  Mordant  Yellow  0.  (M.)  Sodiua  salt  of  aulphonaphtha* 

lene^aio-salicylic  acid* 

Similar  to  fig.  74,  plate  19* 

No*  116  S*  and  J. 

Tollow  powder. 

In  solution;  reddish  yellowj  yellow* 

10.00  g*  per  liter. 

Angle  31**2*  Depth  0  to  0*29  nm* 
Absorption  in  the  violet  only*   Siralliir  absorption  to  that  of 
solution  No*  129*   Strong  absorption  from  0*<j0   to  0*28    • 
Slight  weakening  of  absorption  from  0*28   to  0*34    .  Ab- 
sorption attains  a  raaxiaura  at  0*36   and  then  slopes  gradi- 
ally,  with  a  comparatively  definite  edga,  to  transparency 
at  0*44    *   From  this  point  to  0*63    complete  transparency 
exi  st  s* 
40.  Dianil  Yellow  R*  (?%) 

Similar  to  fig*  42,  plate  11* 

No.  124  S*  and  J* 
Orange  yellow  powder. 
In  solution;  clear  yellow;  yellow* 
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Saturated • 

Angle  31»»2.  Depth  0  to  0,29  mm. 

Faint  absorption  in  violet.   Similar  abeorptlon  to  that  of 

eolation  No.  81.   Absorption  is  comparatively  strong  at 

0.20   and  decreases  to  partial  transparency  near  0.295   • 

A  tolerably  weak  band  extends  froa  this  region  to  about  0.435/^. 

Its  maxiraun  is  indeterminate-   Transparent  from  0.44   to 

0.63   . 

/ 

41»  Resoroine  Brown.  (A.)    Sodiuo  salt  of  xylene-aao-resorcin- 

d«o-ben26ne-^*Bulphonic  acid» 

rig*  26»  plate  7. 

No.  137  S.  and  J. 

Brown  powder. 

In  solution;  brown;  yellow* 

7.78  g.  per  liter. 

A«gle  23*. 4.  Depth  0  to  0.21  tarn. 
Strong  absorption  in  the  violet  and  blue.   A  more  concen- 
trated solution  exhibited  absorption  in  the  green  and  yel- 
low.  A  long  band  or  region  of  abaorption  extends  from 

0«35   to  0.52   .   The  saximun  ia  near  0.393   .   There  is  a 

/ 

slight  minimum  of  absorption  at  0*48   .   The  presence  of  a 

/ 

weaker,  less  refrangible  band  Increaeing  in  intensity  at 
0»48   is  more  marked  as  the  concentration  is  increased. 
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More  conc«ntrat8d  solutions  show  that  the  transparency 
in  the  ultra-Tiolet  rapidly  dleappeare   wher«ae  the  bands 
do  not  encroach  a*  rapidly  on  the  yellftw.   Transparent  from 
0*53'  to  0«6)   •   The  absorption  of  the  concentrated  solu- 
tions 1«  like  that  of  solution  Ho,    77  figure  40# 
42*  Acid  Bro#n.  (D.)   Sodium  aalt  of  bl-eulphobentena-d isato- 

••naphtol* 

Similar  to  tig,    7,  plate  2> 

No*  138  S«  and  J. 
Bro«rn  povder* 
In  solution;  brown;  yellow. 

7»50  g.  per  liter. 

Angle  25*  .S*  Depth  0  to  0*21  mm* 
Absorption  in  violet  and  blue.   Similar  absorption  to  that 
of  eolation  No.  8.   Very  weak  absorption  from  0.20   to  0.29/ 
Transparent  to  continuous  backp;round  of  spark  from  0.29  to 
0*33   •  Weak,  indefinite  absorption  band  from  0.33   to  0.48/ 
with  maximum  indeterminate.   Transparent  to  yellow,  orange 
and  red. 
43.  Ponceau  B  0.  ,  extra.  (A.)  Sodium  salt  of  bensenwaco- 

beniene-ato*3*>naphthol*disulphonic  acid. 

Similar  to  figure  17,  plate  4. 

No.  I't6  S.  and  J. 

Light  brown  powder. 
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In  eolation;  yellowleh  rod;  pink* 

7.00  g*  per  liter. 

Angle  21*  .St  Depth  0  to  0.20  am* 
Strong  abeorption  In  blue  and  green*  Similar  absorption    to 
that  of  solution  No*  21*    Absorption  decreases  from  0.20^ 
to  0*295  t    Aixi  then  iocrs*s«s  to  a  maximuo  near  0*345   • 
This  band  fados  to  8«mi*transpar«ney  about  0*4    •   Trana- 
paranej  continues  to  0*44   where  a  strong,  round   band  begins. 
The  last  band  sni*  at  0*565   •   Its  maximuo  is  at  0*51    . 
Transparent  from  0*566.  to  0*63    *  Absorption  from  this 
band  moves  mors  rapidly  towards  th*  ultra*Tlolet  than 
towards  the  red  with  increasing  concentration.   Sams  smpirl- 
eal  formula  as  No*  42* 
44*  Janus  Red  B.  (M*)   Chlorid*  of  trimethyl-amidO*>benzene- 

aso*B-toluens>azo-0*naphthol* 
Slailar  to  figure  25,  plate  7* 

Ifo*  149  S.  and  J. 

Reddish  brown  powder* 
In  solution;  yellowish  red;  faint  yellowish  red* 

Saturated* 

Angle  54**6*  Depth  0  to  0*50  mm* 
Pointed,  V-6haped,  weak  band  in  the  blue-green*   Si'nilar 
absorption  to  that  of  solution  No*  38.  Absorption  is  strong  at 
0.20  and  decreases  gradually  and  In  a  poorly  defined  manner 
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to  traneparency  at  0«375>   *   Th«  transparent  region  continue* 
to  0.435   •   The  absorption  band  lies  between  0*455    and  0. 
540   vith  ite  maximum  at  0*51   •  Slight,  general  absorption 
in  the  yellow  and  orange  but  transparent  to  the  red* 
45*  Cloth  Red  0*  (0»)   Sodium  salt  of  toluene-azo-toluene- 

aso'*0*'naphthol*iDonoaulphonlc  acid* 

Fig.  27,  plate  7. 

No*  153  S*  and  J. 

Reddish  brovn  powder* 
In  eolutioni  red;  faint  pink* 

8*33  g«  per  liter,  (heated  and  filtered)* 

Angle  31**2*  Depth  0  to  0*29  mm* 
Bands  in  blue-green  and  green,  witk  hayj  edgee  and  weak  gen- 
eral absorption  in  beth  directions*  k   band  extends  from 
0*445    to  0.55,  and  appearg  to  be  composed  cf  a  stronger 
band  vith  a  veaker»  more  refrangible,  unresolved  companion* 
Their  maximum  of  absorption  is  at  0*515   •   The  slant  at  the 
end  of  the  negative  ehows  that  weak,  general  absorption 
it  exerted  in  the  orange*   Transparent  to  the  red* 
46*  Cloth  Red  0*  ( M. )  Sodium  salt  of  toluene-azo-toluene  - 

azo*P*naphthol*disulphonic  acid* 

fig.  28,  plate  7. 

No*  154  S.  and  J. 

Dark  brown  powder. 
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In  solution;  deep  red;  very  faint  red* 

6*36  g*  per  liter,  (warmed  and  filtered)* 

Angle  33*. 2.  Depth  0  to  0.30  mm* 
MaxlmuQ  of  absorptJon  in  blue«green  with  weak  absorption  in 
yellow  and  orange*   Absorption  band  starts  at  0*485   ,  at- 
tains  its  maxifflum  at  0*52   ,  and  is  dissipated  in  weak, 
general  absorption  about  0*555    •  The  end  of  the  negative 
slants  appreciably*   Transparent  to  red* 
47*  Cloth  Red  3  G  4.  (A*)    Sodium  salt  of  toluene*azo*tolu- 

ene-azo-p-naphthyl-amine-monosulphonic  acid* 

Fig*  29,  plate  8* 

No*  155  S*  and  J* 

Brownish  red  powder* 

In  solution;  reddish  brown;  light  brown* 

Saturated^  (heated)* 

Angle  r57*.  Depth  0  to  1.07  nm* 
General  absorption  in  violet,  also  a  na*imum  of  absorption 
in  the  blue-green  and  rrsen*   Absorption  is  about  complete 
at  0*20   and  increases  very  gradually,  with  haxy  contour,  to 
serai-transparency  at  about  0*42-  •   8emi-transpar#ncy  from 

0*42   to  0.49   *   Weak  band  from  0*49^  to  0*54   *  Trana- 

/  / 

parent  from  0*54   to  0*63/  • 

/ 

48*  Ponceau  4  R  B.  (A.)  Sodium  salt  of  sulphoben aene-axo- 
benxens-axo-p-naphthol»mono-sulphonic  acid* 
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Fig.  30,  plate  8. 

No*  IbO  S*  and  J« 
Reddish  brown  powd»r» 

In  solutioni  yellowish  red;  pink* 

10*00  g.  per  liter,  (heated)* 

Angle  19».5.  Depth  0  to  0.18  mm. 
Strong  absorption  in  blue-green  and  green*   At  0.455  /-   the 
strong  band  begins  and  extends  to  0*565    witn  its  maximum 
ftbout  0.51   •  Transparent  from  0*565    to  0«63"-  • 
49*  Bl«brlch  Scarlet*  (K*)   Sodium  salt  of  sulphobenzene- 
a2o-sulphoben2ene<*azo*^«naphthol. 

Similar  to  f:ig*  30,  plate  8* 

lo*  163  S.  ^nd  J* 
Reddish  brown  povder* 

In  Bolutioni  red;  pink* 

6.00  g.  per  liter* 
Angle  19**5*  Depth  0  to  0.18  mm. 
Absorption  band  in  blue*green  and  ^reen*   Absorption  decreas- 
es from  0.20   to  about  0.32    where  a  semi-transparent 
rtfion  appears.   This  is  fclloved  by  an  absorption  band  with 
Its  -axlmum  at  0.355    .   Slight  absorption  from  0,39   to 
0*45   •   A  definite  band  sturts  at  0.45"  ,  reaches  a  max- 
imum near  0.51   and  ends  at  0.555  "  .  Transparent  from  0.555a 
to  0.63    •  A  solution  of  10.00  g.  per  liter  showed  almost 
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complete  absorption  from  0.26  to  0.36   «   From  0*395    to 
0«4-45    only  the  fir»t  photographic  atrip  received  light. 
The  band  is  very  round  froa  0,445   to  its  end  at  0*585    • 
Transparent  to  orange  and  red  •   Sane  empirical  formula  as 
No*  48  and  almost  Identical  vleibls  absorption* 
50*  Wool  Black  (A*)   Sodium  salt  of  sulphobenttnc-azo-sul' 
phobeniene-azo-p-tolyl-3-naphthylamlne« 

rig*  31  ,  plate  8. 

No*  166  S*  and  J. 

Bluish  black  powder* 
In  sclutioni  purpla;  light  purple* 

5*56  g*  per  liter,  (filtered)* 

Angle  35**1*  Depth  0  to  0*32  ma* 
Haxy  band  in  yellow  spreading  indefinitely  into  the  orange. 
Transmits  bright  red*   At  0*49    a  region  of  absorption 
coor.ences  which  seems  to  consist  of  a  hazy  centval  band 
with  a  weak,  washed-out,  companion  on  each  side*   The  chief 
maxioum  is  about  0*54   *  Absorption  is  very  weak  from  0.60 
to  0*63    .  A  very  concentrated  solution  shows  that  the 
maximum  of  transparency  is  near  0*44    . 
51.  Ponceau  6  R  B.  (A.)   Sodium  salt  of  sulphotoluene-  azo- 

toluene-axo-p-naphtol-tt-sulphonic  acid* 

Fig*  32,  plate  8. 

No.  169  S.  and  J. 
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Reddish  brown  powder* 

In  sclutioni  scarlet  red;  pink* 

5*38  g*  per  liter* 
Angle  31*. 2*  Depth  0  to  0.29  mn» 
Strong  band  in  the  green  which  le  more  definite  on  the 
blue  aide  than  on  the  yellow  border*  Strot^  band  from   0*465/> 
to  0*565 u  •   The  maximum  is  at  Oa51y'  •  The  band  is  prob- 
ably  composed  of  two  unresolved  bands  of  which  the  weaker 
lies  nearer  the  red.   Transparent  from  0.365''  to  0,63yf.  • 
52*  Blue  Black.  (B.)   Sodium  salt  of  8ulpho»p-naphthalene> 

4x0 "O- naphthalene "a zo-0-naphthol-dasulphonic  acid. 

No.  186  S.  and  J. 

Bluish  black  ponder. 

In  solution;  bluish  violet;  violet. 

C*69  g.  per  liter,  (filtered)* 

Angle  33* .Z*  Depth  0  to  O.iO  mma 

yellow 
Very  indefinite  absorption  in  green-yellow,  and  orang« ,  with 

maximum  in  yellow*   Absorption  is  strong  at  0»'iO  ^t    and  de- 


/ 


gradually  to  about  0%^-iJ   *  Approximately  transpar- 


ent from  0*4    to  0»j    *  Absorption  starts  near  0*50 /-  , 
increases  to  a  maximum  about  0*54    ,  and  decreases  to  ^eak , 
general  absorption  from  0.56    to  0*63  '   * 
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53.  Anthracena    Ttllow   C*    (C.)       Sodium    aalt    of    thi o-d i -benz»n»- 
dlsaao-di-aalitylic    acid* 

Similar    to    fig.     t2  ,    plat*    11. 

No.    190    S.    ^nc>    J. 

Brownlah  ysllow  powder. 

In  Bolutlon;  muddy  yellow  iirovni  greenish  yellow. 

6.00  g.  per  liter,  (filtered)* 

Angle  <21*  .3  •  Dopth  0  to  0.16  mm* 
Abcorption  in  violet.   Somewhat  aiinilar  abeorption  to  that 

of  solution  No.  SI*    Abeorption  decreases  from  0.^0/' 
to  a  eemi-traneparent  strip  at  about  0.295   .  Beyond  this  strip 
a  band  with  haty  contour  axtende  as  far  a&  0.4-1'   with  its 
maximum  at  about  0.34/   .  Trp.r.Bparen t  from  O.lly*.  to  0,fc>3'  . 

54.  Bismarck  Brown.  (A.)    Hydroehlerid*  of  benienc-disazo- 

phenylene-dianine. 
Fig.  11,  plate  3. 
No.  197  S.  and  J. 
Dark  urown  powder. 
In  solution;  brown,  yellow. 
30.00  g.  par  liter,  (filtered). 
Angle  19*.5.  Depth  0  to  O.ld   mm. 

Visible  and  photographic  abeorption  identical  with 
that  of  solution  No.  12. 
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55.  Vesuvln*  (B.)    Hydrochloride  of  toluen»-d 1 saio-m- toly- 
lane*4  i anine • 

Fig.  11,  plat9  3. 

No.  201  S.  and  J. 
Dark  brown  powder. 
In  solution;  reddish  brovn;  yellow* 

4.29  g.  per  liter. 
Angle  31*  .2.  Depth  0  to  0.29  mi>i. 

Yislble  and  photographic  absorption  identical  with 
that  of  solution  No.  12* 

56.  Congo  Orange  G.  (A.)    Sodium  salt  Of  i iphenyl-di sazo- 
phenetol-P-naphthylanine-disulphonic  acid* 

fig.  33  ,  plate  9. 

No.  217  S.  and  J* 

Brownish  red  powder. 

In  solution;  reddlah  yellow;  yellow. 

5.38  g.  per  liter. 

Angle  23*. 4.  Depth  0  to  0.21  mm. 

Ha»y  absorption  in  blue,  blue-gredn  and  {^reen  with  raximun 

in  the  f^r»9n»      Tclerably  ttrohg  absorption  decreases 

a 
froB  0.  20    to. weak  ninimum  near  0.32  '  and  then  increases  to 

a  raaxiraum  about  0.36/'   .  A  eenl-transparent  region  lies  be- 
tween 0.4^05   and  0.44   .  A  weak,  ha£y  band  begins  at  0,44-  an- 
continues  to  0.475   ,  at  wh^ch  point  It  joins  a  more  intense 
band.   The  latter  has  its  maximura  at  0,505'   and  then  de- 
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creaaei  to  transparency  at  0*  53    •  Transparent  f:''   0.  j'i  u. 

t<  0«r>3i'  •  Vore  concentrated  aolutions  emphasize  all  the 

just 
maxlsta  of  absorption  outlined  ind  the  minimum  at  0*42    • 

5V.  Chryeamine  G.  (A.)   Sodium  salt  of  diphenyl-dieaao-bi- 

■  alieylilc  acid* 

Similar  to  fig.  34,  plate  9. 

No*  ZiO   S*  and  J« 

Tellovish  brown  powder* 

In  aolutioni  brovniah  yellow;  faint  yellow* 

7«M)  g«  per  liter,  (heated  and  filtered}* 

Angle  d5**l*  Depth  0.26    to  0*58  mm* 
No  visible  absorption  ualess,  perhaps,  a  faint  weakening  of 
the  extrwne  Tiolet*   Similar  absorption  to  that  of  solution 
No*  58   •  For  the  layer  ueed  the  absorption  ie  nearly  com- 
plete from  0.20'/  to  0*29   •  The  continuous  background  is 
tranemittad  from  0.29"  to  0.30  '  •  The  limit  of  the  ultra- 
▼iolat  absorption  is  approximately  a  atraight  line  joining 
the  wave-lengths  0.3&Sy/*nd  O.SfSy'   at  the  opposite  edges 
of  the  negative.   Transparent  from  0.395   to  0.63 -/  ,   Wore 
dilute  solutions  and  wedges  of  liquid  tapering  to  infinl- 
tssimal  thickness  snow  that  the  ultra-violet  absorption  is  very 
weak  • 
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58«  Cresotine  Yellow  G.  (''.)   Sodium  salt  of  d  iihenyl-diaazo- 

bi*0"cre8ol-carboxyllc  acid* 

fig.  34,  plate  9. 

!!••  221  S*  and  J. 

Yellowish  brown  powder* 
In  solution;  yellow;  faint  yellow* 
Saturated • 

Angle  39 '.O*  Depth  0  to  0.36   mn* 
Absorption  in  violet  and  indigo*   The  solution  has  a  peculiar 
Odor*   A  va8hed*out  band  begins  at  0*31/'  ,  paseee  through  a 
maximum  near  0*355  '  f    and  then  fades  away  at  0*44r  •  Trans- 
parent fron  0*44   to  0«63/.'  • 
59*  Congo  Red*  (A*)   Sodium  salt  of  d iphenyl-disazo-bi* 

naphthionic  acid* 
Fig*  35,  plate  3* 

Vo*  24^0  S*  and  J* 

Reddish  brown  powder* 

In  solution;  red;  yellowish  red* 

5*90  g*  per  liter* 

Angis  27* *3*  De  pth  0  to  0*25  mm* 
Absori'tion  in  blue  ,blue>gresn  and  gresn  with  aaxiaum  nearer  the 
green  end*       Transparency  is  terminated  at  0*42/'  by  a  pair 
of  wide  haiy-bands  of  which  the  more  refrangible  is  tne  weaker. 
The  chief  maximum  is  at  0*505'  •  Absorption  ends  at  0*515  '* 
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Transparent  from  0*545   to  0.63    •  More  ioncentratod  boIu- 
tions  show  that  the  ultra-violet  and  visible  bande  soon  run 
together,  whereas  the  absorption  does  not  advance  much  to- 
wards  tne  orange* 

60.  Congo  Corinth  C.  (^.)   Sodium  salt  of  d iphenyl-d i sazo- 
naphthioni  c-a-naphthol-sulphonio  acid* 

Similar  to  fig*  25,  plate  7* 

No*  242  5*  and  J. 

Greenish  black  powder. 

In  solution;  brownish  red,  red. 

5.38  g.  per  liter,  (heated). 

4nfle  2'7**3.  Depth  0  to  0*35  mm* 
Absorrition  in  blue-green,  green  and  yellow.   Very  general 
absorption  at  the  red  border*   Similar  absorption  to  that  of 
solution  No.  38*   Absorption  band  from  0*46<  to  0*555    with 
Its  maximum  near  0*515   •   The  end  of  the  negative  slants 
considerably  showing  that  general  absorption  continues  into 
the  orange.   Transparent  to  red*  Same  e^ipirical  formula  as  No 
61  but  different  constitution. 

61.  Congo  Rubine  (A.)    Sodium  salt  of  diphenyl-d i8axo> 
naphthionic  acid-S-naphthol-sulphoni c  acid* 

Tig*  36,  plate  9* 
No*  243  5.  and  J. 
Greenish  crystalline  powder* 
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In  solution;  bluish  rod;    dull  red* 

Saturated,  (warmed)* 

Angle  39*. 0,  Depth  0.26   to  0.62  mm, 
Absor  tion  In  blue  green.   A  layer  about  2  mms.  deep  ab- 
sorba  all  the  visible  spectrum  except  the  orange  and  red. 
Absorption  band  fron  0»'l85/'  to  0.55'  trl  h  its  •naxlmum  at 
0.52   •   Transparent  from  0.55/  to  0*63/  •  Sa-ne  enpirlcal 
formula  as  No*  C'O  but  different  constitution. 
62*  Anthracene  Red.  (1.)   Sodium  salt  of  nitrodiphenyl-disazo' 

•al i eylic -a -naphthol*sul phonic  acid . 

Similar  to  fig*  32,  plate  8. 

No.  262  8.  and  J. 

Brownish  red  ponder* 

In  solution;  deep  red;  pink. 
7.50  g.  per  liter. 

Angle  27', 3.  Depth  0  to  0.25  mr* 
latj*edged  band  in  the  blue*green  and  green*   Similar  ab- 
sorption to  that  of  solution  No.  51*  Absorption  decreases 
fron  0*20'  to  semi-transparency  at  0.29-  >  About  0.31   a  well- 
rounded,  hafy-edged  band  starts   passes  through  its  max- 
imuB  near  0*36/'.  ,  and  ceases  at  0*42"  •  Partial  transparency 
fro-n  0.1-2   to  0.165>'  .  An  abeorption  band  prevents   trans- 
mission fro":  0.465   to  0.55   .  Its  raximum  is  near  0.51.  . 

Transparent  from  0.d5   to  0,63   .  Less  concentrated  solutions 
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show  that  the  ultra-violet  abaorytion  la  comparatively  weak. 
£3«  Coni^o  Oranpe  T<.  (A.)    Sodlun  salt  of  d  itolyl-d  iaazo- 

phenetol»P«nRphthylftMi no  dlsulphonic  acid* 

Similar  to  fip.  29,  plate  8. 

No.  275  S.  and  J* 
TellOtfieh  red  po^rder. 

In  solution;  brovn,  yellowish  brown. 

5*00  Z'    V9r    liter*  (warmed  and  filtered)* 

knf.l0   39*  .0.  Depth  0  to  0.36  mm* 
Indefinitei  general  absorption  in  the  blue  and  blue*green. 
The  liquid  is  not  clear  but  behaves  somewhat  like  and  enul- 
eion.   Similar  absorption  to  that  of  solution  No*  47.   Ab- 
sorption decreases  from  0*20   to  about  0.,iJ9  ■  and  then  remains 
about  constant  as  far  as  0.365^  •   From  this  po:nt  it  de- 
creases  to  very  weak,  general  absorption  at  0*43    .  A 
slight  Increasw  in  absorption  has  its  maximum  at  0.515    . 
It  is  partly,  but  not  entirely,  due  to  the  weak  spot  of  the 
Seed  enulaion.   Trar.aparent  from  0*54/'  to  0*6jt/  •   Peeper 
layers  of  preater  concentration  show  the  -nlninum  of  ab- 
sorption to  be  the  region  around  0*455"  * 
64*  Benxopurpurlne   C  B.  (A.)    Sodium  salt  of  d itolyl-d isazo- 

bi*«-naphthylaFiine»Bulpnonic  acid* 

Similar  to  fis;.  37,  plate  10. 

No.  278  S*  andJ* 
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Red  powder* 

In  solution;  red;  brownish  red* 

7.78  g»  per  liter,  (filtered). 

Anr.le  29*. 3,  De'^th  0  to  0.27  mrn« 
Hazy^edged  oanc  in  olue  and  green.   Similar  absorption  to 
that  of  solution  No.  67,       Strong  absorption  from  0.415/< 
to  0«S5   •  The  chief  maximum  of  abEorptlon  is  at  0*51'   . 
Probably  two  hazy,  unresolved  band*  with  more-rti  f  rangi  ble 
weaker  component*   Transparent  from  0*55y.'  to  0«&3  /   .  Weaker 
solutiene  show  more  rapid  increase  of  transparency  on  the 
ultra-violet  side  of  the  visible  band  than  on  the  red  side. 
65*  Bentopurpurine  B.  (A..)   Sodium  ealt  of  ditolyl^di  8a20* 

b 1-8-napht hy lanine-0- 8 ul phonic  acid* 

Similar  to  fig.  37,  plate  10. 

Ho.279S.anclJ, 
Brown  powder* 

In  solution;  reddieh  brown;  brown. 

9.75  g*  per  liter. 

Angle  25*. 4*  Depth  0  to  0*23  mn* 
Sane  visible  and  photograrmi  c  abeorpi,Jon  as  No*  C-t.   Sim- 
ilar absorption  to  that  of  solution  No*  67*    Nob.  64  and  C5 
have  the  sane  empirical  formulae  but  different  chemical  con- 
stitution* 
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Ct«    Diamine    K«d    B»    l^*)       Deltapurpur  J  ne    5    U*    (''•)       Sodium 

Bait    of   dltolyl-diflaxo-bl-p-naphthylamin«»sulphonlc    acid> 

Similar    to    fig.    if,    plate    10« 

No.    23  0    S.     aid    J. 

Reddish  brcwn  ponder* 

In  solutJon;  yellovish  red;  p:^nk. 
6.36  g«  per  liter,  (warmed  and  filtered  }• 

Angle  ^S*«4.  Depth  0  to  0.23  aa* 
Sa-^e  visible  and  photop;Taphi  c  absorption  as  No»  64»  Sim- 
ilar absorption  to  tiitit  of  solution  Mo.  C7»   Nos.  64  and  6C 
have  the  sane  empirical  formula*  but  different  chemical 
constitutions. 
67.  Brilliant  Conpo  ^»    (A.)   iodiura  salt  of  d Itolyl-d i saro- 

P*naphthylamlne-monoBulphonic«P-naphthyla"ii  ne-disulphon- 

ic  acid. 

Fig.  37  ,  plate  10, 

Mo.  281  8.  anil  j. 

Bro#n  povder* 

In  solution}  yellowish  red;  yellowish  red. 

8.00  g.  per  liter. 

Angle  31*. 2.  Depth  0  to  0.29  nm. 
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Haiy-edtred  band  in  blue  i»od  r-reen.   A  pair  of  unresolved  bands 
extend  from  0.42   to  0»56'  with  their  chltf  raaximum  at  0,515, 
The  leas  refrangible  band  is  the  more  intense*   Transparent 
f  roil  0.555  /   to  0.63/'   • 
66*  Diamine  Red  8  B.  (A.)    Sodiun  salt  of  d itolyl-d i sazo- 

bi-3»naphthylaTnine«   •sulphonic  acid* 

rig*  38 ,  plate  10. 

No*  282  8«  and  J. 

Reddish  brown  povder* 

In  solution;  reddish  brown;  bro#n« 

7»00  p:»  per  liter,  (heated  and  filtered)* 

Anple  50».7.  Depth  0»64   to  l.lO  rams. 
Hasyedged  absorption  in  the  blue-green  and  green.   A  pair 
of  unresolved  bands  absorb  from  about  0*435   to  0*545   • 
Their  maximum  is  near  0«515/y  •   The  more  refranpible  band  is 
weaker  and  more  indefinite  than  its  companion*   Transparent 
frorn  0*545/  to  0*63/'  • 
69*  Brilliant  Purpurino  R.  (A.)   Sodium  salt  of  d itolyl«d isazo' 

naphthionlc-^-naphth'/lamlnB-di sulphonic  acid. 

ri?*  37,  piftte  10. 

No.  28  3  S*  qnc  J. 

Red  powder* 
In  solution;  red;  pink* 

8*75  g*  per  liter. 
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Angle  ^5»  .4  .  Deptn  0  -lo  0«2i  rfm. 

Same  visiblt  and  photographic  absorption  ae  No.  07,   Nob. 
67  and  69  have  the  same  empirical  formulae  but  different 
chemical  constitutions* 

70.  Rosaturine  B.  (B.)  S«dium  salt  of  di  tolyl-d  i8a«o»bi-ethyl- 
P*naphthylamine*Bulphonic  acid. 

Similar  to  fig.  37,  plate  10. 

No.  285  S»  and  J. 

Brovirn    povder* 

In    Bolution;    red;    ]pink. 

7.00   F.    per    liter,    (heated). 

Angle  27*.a*  Depth  0  to  0.25  mn« 
Weak  abBorr.tion  in  the  green  with  Yery  haay  blue  boundary. 
Similar  absorption  to  that  of  solution  No.  67.   The  precise 
sise  and  shape  of  the  visible  band  matches  very  closely 
the  corresponding  band  of  solution  No.  45  fig.  27.   Absorp- 
tion frorr  0.47y.'.  to  0.55   with  the  maximum  near  0.515'   . 
Transparent  fro^  0.55'  to  0«63  '  • 

71.  Congo  Cordnth.   Sodium  salt  of  d itolyl-di8a««»naphthi onic 
tt-naphthol-p-Bulphonic  acid. 

Similar  to  Tig,,    39,  plate  10. 
No,  28C  S.  anf'  J. 
Oravish  black  powder. 
In  solution;  red;  p  nk« 
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9.09  p.  per  liter,  (very  gritlyi  fil.ot'ud  ofidi). 

Angle  21*. 5.  .lepth  0  to  0,20  m-n* 
■/efteral  absorption  in  green,  yellow  and  oranjre.   Very  *eak 
and  haiy  to*ard8  the  red.   Similar  aueorption  to  that  of 
solution  No.  71.   Weak  ,  general  absorption  in  ultra-violet 
perniittinn  *11  strong  lines  to  pass  through  the  solution. 
It  fades  away  about  0»35l'-»   Several  plates  and  films  s'low 
that  absorption  begins  again  about  0.49/  and  beco-nes  rela- 
tively small  at  0»56'  •  leak,  general  Jibaorpt  i  on ,  however, 
continues  to  0»63'l  •  The  naxinua  of  absorption  ie  indeter- 
tainate.   Saturated  solutions  jave  the  sa'ne  general  results. 
1Z»    kto   Blue.  (By.)   Sodium  salt  of  ditolyl'disazO'bi-Q- 

naphthol-p-8ulphonic  acid« 

Sonehwat  like  fi°;.  39,  plate  10* 

No.  28V  s.  ind  J. 
Bluish  black  powder. 

In  solution;  deop  blue;  reddish  blue. 

4.29  g.  per  liter. 

knirle    23*.  +  .  Depth  0  to  0.21  mm. 
Hasy-edgei  absorption  in  tureen-yellow,  yellow  and  orange. 
Thrt  red  border  is  very  indefinite  and  the  maximum  appears  to 
be  in  the   y.'ilow.   The  absorption  is  like  that  of  solution 
No.  7i  except  in  so  far  as  it  is  etronger  than  No.  74  in  the 
orange.   Comparatively  wear:  absorption  in  the  ultra-violet 
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fron  0.30   to  0.355.   .   There   are  slight  indications  of  two 
ultra-vlolat  bands  witri  the  intervening  region  near  0*29''  • 
Transparent  fro-a  0.36'  to  0.  t9   .  AbBorption  borins  at  0.49 
and  increaoes  to  0.53   ,  and  then  fades  to  partial  tra*^8- 
parency  near  0.59   •  Weak  absorption  fron  0.59/  to  0.63/   • 

73.  Diamine  Black  B  0.  (C.)   Sodium-salt  of  ethoxy-d iphenyl- 
disaio-bi-amldo-naphthol-sulphonic  acid* 

Suggested  by  fig*  39,  plate  10. 

No*  304  S*  and  J. 

Black  powder* 

In  solution;  blue;  blue* 

7*50  g.  per  liter. 

Anj'le  31'. 2*  Depth  0  to  0.29  mm. 
Strong  absorption  in  the  yellow  and  o-ange  with  diffuse 
borders.   Red  is  transmitted*   The  absorption  is  somewhat 
like  that  of  solution  No*  74  except  in  so  far  as  it  is  stronger 
than  No*  74  in  the  orange*   Absorption  decreases  fron  0.20 
to  about  0*37   .  Transparent  from  0*37'  to  0.51.   .  Ab- 
sorption  extents  from  0*31/'  into  the  clear  red*   The  max- 
iaiuia  of  absorption  is  indefinite* 

74.  Benzopurpurine  10  B.  (A.)    Sodium  salt  of  d iraethoxy-d i- 
phenyl-disaso-biaaputhlonlc  acid. 

Fig.  39  ,  plate  10. 
No.  307  S*  and  J* 
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Brownish  red  povdar* 

In  solution;  red  J  p^nk. 

5*83  g*  per  liter. 
Angle  23**4»  Denth  0.05  to  0*26  mrn. 
Chief  absorption  ii  the  green.   The  visible  band  extande 
fron  about  0.48   to  0.55    vrith  its  maximum  at  0«515    . 
The  slanting  end  of  the  negative  denotes  general  absorptiop 
in  the  orange. 
75.  Benzoaturine .    Sodium  salt  of  d imethoxy -d iphenyld isaio- 

bi-a-naphthol-p-8ulphoni c  acid. 

Somewhat  like  f:g.  39,  plate  10. 

No •  311  S.  and  J . 

Bluish  black  po*der. 

In  solution;  reddish  blue;  blue. 

7»50  g.  per  liter. 

Anpla  25'.3.  Depth  0  to  0.21  mm. 
No  very  definite  visible  band  but  a  peneral  weakening  of  the 
green,  yellow,  orange  and  red.   The  ultra-violet  absorption 
ie  weak  and  ende  near  0.355    .   The  region  of  general 
absorption  begins  about  0.51    and  continues  beyond  0.C3   . 
There  is  a  weak  maximum  near  0.53    .  The  end    of  tne  nega- 
tive slants  to  an  unusual  dapree.   The  contour  of  the  *reak 
band  is  V-dhaped  like  tne  visible  band  for  solution  No.  7r. 
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76.  Diamine  Orean  B.  (C.)   Sodlun  salt  of  d Iphenyl-d Isa lo- 
phenol-dlaalpho-amidonaphthol-aso-nltrobeniene. 

No.  372  S.  and  J* 
Dull  pray  crystalline  po«rder« 
In  solution;  bluish  green,  blulah  green, 

3.00  g.  per  liter. 
Ingle  17'  .0.  Depth  0  to  0.14  -am. 
Gradual  abeorptlon  in  the  orange  and  red.   Very  #eak  ab- 
soriJtion  in  the  ultra-violet  fron  0.20,   to  about  0.38    . 
No  vieible  or  photographic  absorption  between  O.iiS   and  0.6/tt 
Oeneral  absorption  begins  about  0*6   • 

77.  Congo  Brovn  G.  (A.)   Sodium  salt  of  8ulpho*benzene*azo- 
resorcinol-aio-dlphenyl-aao- salicylic  acid  . 

Fig*  iO,  plate  10. 

No.  379  S.  and  J. 

Brown  powder. 

In  solution;  light  brown;  yellow. 

4.67  g.  per  li  ter. 

Angle  27*. 3.  Depth  0  to  0.25  mm. 
Absorption  in  violet,  blue  and  green.   Very  hax)  at  green  side. 
Absorption  decreases  from  0.20   to  a  somewhat  trannparent 
region  around  0.295    .  Vaximum  absorption  at  0.365    • 
Absorption  ceases  at  0.53    .  A  weaker  solution  showed  trans- 
parency from  0.29    to  0,315    .  Absorption  from  0.315   to 
0.428   .  "axlmum  absorption  at  0.3C5   ,  as  before.   Trans- 
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parent  to  yellow,  orange ,  and  red« 

78.  Congo  Brown  R.  (A.)    Sodium  salt  of  sulpho-naphthlene- 
aao-resorcln-axo-diphenyl-aio-aallcylic  acid* 

Fig.  40,  Plata  10. 

No.  380  S.  and  J. 

Dark  brownish  red  pov/der. 
In  solution;  reddish  brown;  yellow. 

Saturated. 

Angle  29*«3.  Depth  0  to  0.27  mn. 
Same  visible  and  photographic  absorption  as  No.  77.   The 
change  in  the  constit Jt ion  is  fron  bensene  to  naphthalene. 

79.  Fast  Green  0.  (M.j    Dinl troao-resorcinol .  ( Dioximidoquin- 
one  . ) 

Similar  to  fig.  29,  plate  8. 

No.  39  4  S.  and  J. 
Grayish  brown  powder. 

In  solution;  deep  coffee   brown;  coffee  brown. 
Saturated,  (heatsd). 

Angle  1°6'.  Depth  0.05   to  0.G6  mm. 
General  absorption  in  violet  and  blue.   Similar  absorption 
to  thnt  of  solution  No.  47,   From  0.20   to  0.325   the  ab- 
sorption is  coraplete.   Absorjition  decreases  with  a  long, 
gradual  slope  from  0.325   to  a  minimum  of  semi-transparency 
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at  0.475   .   Tiien  a  weak  band  *lt:i  maximum  at  0.52   pre- 
sents itself  and  continues  to  0,54^   *   Only  very  weak  ab- 
sorption is  present  from  0.54   to  0.63  '  •   With  the  saae  solu- 
tion and  the  cell  set  for  35'. 1  and  0.32  mm.  the  absorption 
wae  almost  conplete  from  0.20   to  0.30   and  then  sloped 
jrradually  to  transparency  at  0.405    •  The  band  at  0.52  c- 
could  not  be  discerned. 
80.  Naphthol  Green  B.  (C.)    Ferrous  sodium  salt  of  nitroso- 

p-n aph t hoi - p -BO nosul phonic  acid . 

Fig.  41 ,  plate  11 . 
No.  398  S.  and  J. 

Dark  green  powder. 

In  solution;  i^reen ,    light  green. 

8.75  g.  per  liter,  (boiled). 

Angle  31*. 2.  Depth  0  to  0.29  mni. 
Absorption  in  violet  and  in  dark  red.   Absorption  very  Etrong 


fron  0.20    to  0.31 


/ 


Then  thn  absorption  decreases  very 


gradually,  with  a  long  slant,  to  0.455  y-  •  From  0.455   to 
tne  orange  the  transparency  is  complete.   Absorption  begins 
again  in  th«  red* 
81.  Currumine  S.  (A.)    Sodium  salt  of  the  so-called  a20xy- 

etllbene-d is ulphonic  acid. 

Fig.  42  ,  plate  11. 
No.  399  S.  and  J. 
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Brown  powder* 

In  solution;  yellow;  faint  yellow. 

Satura  ^ad. 

Anf^la  1°  10*  .  Depth  0.11  to  0.73  mm. 
Faint  absorption  in  violet.   Absorption  decreases  from  0,20  '^ 
to  0.29    •  Transparent  from  0.29   to  0,3t    .  Weak  band  from 
0«34   to  0«i3 '•-  «  with  maximuin  at  0.39   .  Transparent  from 
0«43   to  0.&3   . 
82.  Auraalne  0.  (B.)    Hydrochloride  of  imido-tetramethyl- 

dlamldo-diphenyl-niethana. 

Fig.  43  ,  plate  11. 

No.  +25  S.  and  J. 

Sulphur  yellow  powder. 

In  solutionj  yellow;  faint  yellow. 

Iqual  volumes  of  a  saturated  solution  and  of  water,  (fil- 
tered )  . 

Angle  42*.3.  Depth  0  to  0.36  mm. 
Stronj^  absorption  in  violet  and  indigo.   Relatively  trans- 
parent at  0.22.  .  The  continuous  background  of  the  spark 
indicates  one  band  or,  at  most,  two  bands  fron  0,23    to 
0.275'   .  Unusually  transparent  from  0.275  -  to  0.345    .  A 
pair  of  partially  resolved,  intense  bands  absorb  from  0.345  '. 

to  0.470   .  Their  naxioa  lie  at  0.oc5   and  0.425   .   The 
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intervening  partially  transparent  spot  is  near  0.385   .   The 
less  refrangible  "^and  is  the  "nore  intense  and  is  very  round* 
Transparent  fron  0.4-70  .to  0.63  '.. 
83.   Malachite  Green  (M.)    Oxalate  of  tetranethyl-d i -p- 

anido-triphenyl-carbinol* 

Slnilnr  to  fig.  44,  plate  11. 

No.  427  S.  and  J. 

Green  metallic  glistening  plates. 

In  solution;  greenish  blue;  greenish  blue. 

3 .75  g.  per  liter. 

Angle  25'. 5.  Depth  0  to  0.;dl  'nm. 
Strong  double  band  in  the  oran^te  and  clear  red.   Deep  red 
is  transmitted.   Similar  absorption  to  that  of  solution  No. 
86  froa  0.20.  to  the  yellow.   All  strong  lines  in  the  extreme 
ultra-violet  are  trananltted  freely*   An  abeorption  band  lies 


between  0.29  '.  and  0.33' 

/ 


A  faint  band  has  its  maximum   near 


0.425/.  .  Stronf^  absorption  commences  at  0«55y'  • 

84.  Imerald  Green.  (B.)    Sulphate  or  «inc-d oubla-chlorld e 
of  tetraethyl-diamido-trlphenyl-carbinol* 
Similar  to  fig,  44 ,  plate  11. 

Ho.  428  S.  and  J. 
Golden  glistening  crystals. 
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In  solution;  grasnj  green. 

4.62  g*  per  liter* 

Angle  31*. 2.  Depth  0  to  0*29  mm. 

Compound  band  in  the  orange  and  red  with  the  maximum  in 

the  red.   The  contour  le  haiy.   Similar  absorption  to  eolu« 

the 
tion  No.  86,  from  0.20   to . yelloVi  save  that  the  band  near 

•  •425   is  hardly  diiicerniolt  en  the  negative.   Strong  ab- 

•orptioB  begins  at  0.57   •   For  ultra-violet  details  see 

No*  84  above. 

65*    Light    Green    F«S.    (B.)       Sodium    salt    of    dimethyldibansyl' 

dlaraido-triphenyl-carbinol-triaulphonic    »eid • 

Similar    to    flc".    H,    plate    11. 

"0  •    434    ^  .     and    .'  . 

Brovnish  black  powder. 

In  solution;  green;  green. 
It. 00  g.  per  liter. 

Angle  21'*3«  Depth  0  to  0.18  mm. 
Strung  band  in  the  yellow,  orange  and  red.   Except  for 
concentration,  the  absorption  is  the  same  as  that  of  so- 
lution No.  86,  hence  for  further  details,  refer  to  No.  86. 


•6.  Acid  Green,  cone.  (C.)    Sodium  salt  of  diethyld ibenxyl* 
dlamido-tr3phenyl«carblnol*tri8uJphonic  acid, 
rig.  44,  plate  11. 
No.  135  S.  and  J. 


•  '•  V  d  X  »w 

K^qtS  *t»*I<  •I^onA 

'ill'  *A»n   •ri* 

•  ••    sXtji;  <te1      •  iftt  mQlf<iX9* 

.XX  ft.^i  r  ^lUii:. 

.        f  ^C*    .9 

•«t«^3   )a**^S  i««t^«X««  at 

'    ii;9i  •«*«i*    fX:«4«A 

^Ot    ;  0    ,  «•  >r1t  lit    bn»4    \aant9 

•I  {lead  :ftXt[d#«il^  ^0    c.  ^         (#0^    .o-'o.  .  .-t^a-'  A    ."St 

.1-  ,  .     tt 

.1    bcD    .2    2SJ     .or 


1«5 


Bright  green  dull  powder. 
In  solutJon;  deep  green}  green. 

13*33  g.  per  liter. 
Angle  25*. 4.  Depth  0  to  0.23  mm. 
Strong  band   In  orange  and  red  with  no  return  to  trans- 
parency visible-.   Absorption  in  Tiolet  and  blue.   Ab* 
■orpticn  decreases  from  0.20   to  about  O.xvS    .   Then  a 
strong  band  begins  having  its  maximum  near  0*32   and  re* 
turning  abruptly  to  transparency  at  0«34   •   Transparent 
from  0.34   to  0.39   .   A  round  band  extends  from  0.39    to 
0.455   with  its  maximuB  at  0.4SA,c'  •  Transparent  from  0.455y- 
to  f«5S   •   Strong  absorption  commences  at  0*55   and  in- 
creases  to  complete  opacity  at  0.63  ^  .  Weaker  solutions 
show  conclusively  the  transparent  region  around  0.275   and 
also  that  the  band  at  0.425    vanishes  most  readily. 
87.  Fuchsine.  (M.)   Mixture  of  hydrochloride  or  acetate 
of  pararosanillne  and  roeanlline. 

Suggested  by  figs.  45  and  51,  plates  12  and  13. 
No.  -148  5.  and  J. 

Grsen  crystalline  powder* 

In  eolutioni  deep  red i  red. 

Angle  21' .3.  Depth  0  to  0.18  mm. 
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Intenae  band  In  blue-gr»en  and  green*   The  ultra-violet 
and  vieible  regions  are  reepectively  similar  to  those  of 
aolutjone  Nos.  93  and  88.    All  lines  near  0*23   and  from 
0.25   to  0.26   are  freely  transmitted.   The  background  in- 
dicates a  band  with  ite  maximum  at  0.285   and  extending;  from 
0.27   to  0.305   «   Transparent  from  0.305   to  0.45   .   Very 
strong  absorption  from  0,45   to  0.575   with  maximuw  near 
0.53  .  .   There  are  probably  two  unresolved  bands  of  which 
the  more  refrangible  is  the  weaker.   Transparent  from  0.575/- 
to  0.63  -.  .  A  layer  about  1  mm.  deep  limited  the  -nore  re- 
frangible, transparent  region  to  the  interval  from  0.35^ 
to  0.39  .   . 
88.   New  Maeenta.  (O.).   Hydrochloride  of  trlamldo-tritolyl- 

carbinol* 

rig*  45  ,  plate  12. 

Mo.  449  S.  and  J. 

Beetle  creen  powder. 
In  solution;  red i  bluish  red* 

6.00  p..  per  liter. 

Angle  31'  .2.  Depth  0  to  0.29  roa* 
Strong  band  in  the  green,  st-eeper  on  the  yellow  side, 
and  suggesting  a  sharp  bund  superposed  upon  a  weaker  one. 
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This  band  extends  from  about  0.44   to  0.5ft/'  with  ita  nax- 

/ 

imum  near  0.52   .  Transparent  fron  0,56   to  0.63   • 

89.  Dahlia.  (U*)    Mixture  of  the  hydrochlorides  or  ace* 
tatee  of  the  mono-dl-or  trl»methyl  (or  ethyl)  -rosanilines 
and  para-roeanllinas* 

Fig.  46 ,  plate  12. 

No.  450  S.  and  J. 

Green  lumpy  powder. 

In  solution;  deep  blue;  reddish  violet. 

3.57  g,  per  liter. 

Angle  23*. 4.  Depth  0  to  0..31  ma* 
Absorption  comnencee  in  the  blue~green,  has  its  maximum 
in  tne  green-yellow,  and  decreases  gradually  into  the  red. 
Transparent  to  deep  red.   Absorption  in  ultra-violet  is 
weak.   A  band  which  is  definite  on  the  more  refrangible 
edge  commences  at  0.48   and  increases  to  a  :T,aximum  at  0.52'   • 
A  weak  unresolved  companion  joins  the  last  one  near  0,57 
and  fades  away  at  0.62/'  • 

90.  Crystal  Violet.   B.).    Hydrochloride  of  hexanetnyl-par- 
arosaniline. 

Similar  to  fig.  49,  plate  13. 
No.  452  S.  and  J. 
Cantharides  glistening  crystals. 
In  solution;  violet;  violet. 
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1.38  p.  per  liter. 

Angle  42'.5.  Depth  0  to  0.36  mm* 
The  absorption  !■  the  ea-ne  aB  that  exhibited  by  solution 
No.  92,  hence  see  the  description  given  belo». 
91.  Ithyl  Violet.  (B.)    Hydrochloride  of  hexaethylpararosa- 

nlline. 

FigB.  47  and  48,  plate  12. 

No.  453  5.  and  J. 

flreen  crystalline  powder. 

In  eolution;  pure  d«ep  blue;  pinkish  blue. 

2.73  g.  per  liter. 

Angle  27'. 3.  Depth  0  to  0.25  mn. 
Intense  absorption  in  the  green.   Very  sharp  and  abrupt  on 
the  blue  side  but  indefinite  on  the  red  border.   Strong 
lines  in  the  ultra-violet  are  transmitted  pretty   freely. 
Relative  transparency  in  the  vicinity  of  0.265,  •  Absorption 
ceases  about  0.31   and  from  this  wave-length  to  0.495   trans- 
parency obtains.   At  0.495   an  Intense  band,  having  its 
maximum  at  0.525   begins.   About  0.585   the  abeorption  be- 
comes relatively  weak  and  diffuse,  and  continues  thus  to 
0.63   .  (  A  flaw  in  the  plate  is  responsible  for  the  narrow 
streak  of  spurioue  absorption  near  0.62   .) 
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92.  Mot -.'/l  Violet  6  B.  (A.)  Chiefly  a  mixture  of  the 
hydrochlorid 68  of  benzylpentamethyl-pararosanillne  and 
hexamethylpararosanlljne. 

Fig.  49  ,  plate  13 . 

No.  454  S.  and  J. 

Metallic  glistening  povder. 

In  eoluticn;  blue;  reddish  blue. 

2.50  g.  per  liter. 
Angle  31*. a.  Depth  0  to  0.29  mra* 
Tranemlta  only  blue  and  pure  red  in  concentrated  solution. 
The  solution  described  below  sho*ed  two  bands, the  more  in 
tense  in  the  green-yellow,  and  the  weaker  in  the  orange. 
All  strong  ultra-violet  lines  are  transmitted.   The  chief 
band  starts  at  0.50  .'.  ,    has  its  niaximum  at  0»535a'.  ,    and  joins 
its  companion  about  0.57   .  The  weaker  band  has  ita  maximum 
at  0.595   and  fades  away  at  0.615   •   Transparent  from  0.62  / 
to  beyond  0.63/'.  • 

93.  Methyl  Green  00.  (By.)   Zinc-double-chloride  of  hepta- 
me t nyl -pararo Ban 11 in e- chloride. 

Sinllar  to  tig,    50,  plate  13. 
No.  460  S.  and  J. 
Green  crystals. 

In  solution;  greenish  blue;  greenish  blue. 
6 .00  g .  per  liter. 
Annie  19'. 5.  Depth  0  to  0.18  ram. 


«or 


,  £  r   n  *  f  r  .      •» 

.•uXa   ...    ,  „,  .    ;  _.  »f  1^  r 

■»s'-:i     ■:,•;■;'       .  b»- -  iri_.  w ,.     -.  —    ,--    ..  .    .  :.-. 

RUfrlxar   a/t  •/IT    •      T2.0   ^wjrtj*    ndxnr  J^t 


•  ex    0^«Xq    ,0e    .;Eti1    03    ^allt-lZ 

,  B  L      »  a  •  T  1      -.  (I  n  ^  Tj 


110 


Band  in  violet  aid  bluo,  rilH;o  strong  abeorptlon  in  orange 
and  red.   The  band  in  the  orange  la  partly  separated  from 
the  stronger  band  whose  intensity  increaaee  to,  and  beyond 
0»63   •   With  due  allowance  for  differences  in  concentra- 
tion, it  appears  that  the  absorption  is,  in  toto ,  the  same  as 
that  shown  by  solution  No*  94*    Absorption  decreases  from 
0*20   to  a  region  of  lees  intens*  absorption  at  0*28   . 
Then  follows  a  strong  band  with  -aximum  at  0.315   .   A  band 
from  0.375   to  0.445  has  ate  maxiaum  at  0.415   .   The  yellow 


/ 


and  orange  band  begins  at  0.515>  • 


94.  Methyl  Green.    Zinc-dcuble-chloride  of  ethyl-hexamethyl- 
pararosaniline  bromide. 
Fig.  50,  plate  13. 
No.  461  S.  and  J. 
Vo88"green  crystalline  powder. 
In  solution;  bluish  green;  bluish  green. 
20.00  f.  per  liter. 
Angle  19*. 5.  Depth  0  to  o.lSam* 
Band  in  violet  and  blue,  tlIso  strong  absorption  in  orange 
and  red.   Transmits  green  and  yeIlow»greon.   Band  from 
0«36^  to  0,45   with  maximum  at  0.415/  .  This  band  is  steeper 
on  its  green  side.   Very  transparent  from  0,45   to  0.495 
From  0.495   the  absorption  is  intense  and  no  return  to  trans- 
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parency  can  be  seen  at  0.63   •  The  band  at  0.415   disappea^e 
first  on  dilution* 

95.  Fuchslne  S.  (B.)   Mixture  of  the  sodium  or  ammonium 
salts  of  the  tr J sulphonic  acids  of  rosanillna  and  pararoea- 

nilina. 

Fig.  51,  plate  13. 
No.  462  S.  and  J. 
Metallic  green  glistening  powder. 
In  Bolution;  red;  red. 
3.00  per  liter. 

Angle  23'. 4.  Depth  0  to  0,21  mm. 
Strong  absorption  in  the  blue-green  and  green.   The  middle 
of  the  first  transparent  region  ie  about  0.265   .  A  weak  ab- 
sorption band  has  its  maximum  near  0.295/  •   The  visible 
band  comnonces  at  0.475   ,  has  its  :^axlmua  about  0.535   ,  and 
ends  at  0.575.^'  .   Transparent  from  0.575/'  to  0.63    . 

96.  Red  Violet  5  R.  S.  (B.;   Sodium  salt  of  ethylrosaniline- 
sulphonic  acid. 

Fig.  52  ,  plate  13. 
No.  463  S.  and  J. 

Brownish  viol-t,  netalllc  glietenlng  lumps. 
In  solution;  brownish  red;  brownish  red. 
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Saturated  • 

Anple  58'. 5.  Depth  0  to  0.54-  mm. 
General  absorption  In  the  rreen  ,  yellow  and  orange.   The 
ultra-violet  absorption  Is  complete  from  0.20   to  0.36  -l  . 
Absorption  decreases  gradually  from  0*36.^  to  a  minimum  of 
general  absorption  near  0*47   •  A  4reak  band  has  its  maximum 
aboutO.525   .  The  faarked  slant  of  the  end  of  the  negative  shows 
the  presence  of  appreciable  general  absorption  in  the  yellow 
and  orange.   Red  is  transmitted. 
97.  Alkali  Blue  6  B.  (A.A.C.)   Sodium  salt  of  trlphenyl-p- 

rosaniline-monosulphonlc  acid. 

Fig.  53  ,  plate  1+ . 

No.  476  S.  and  J. 

Blue  powder. 

In  solution;  blue;  delicate  blu«. 

12.50  g.  per  liter,  (heated). 

Angle  23'. 4.  Depth  0  to  0.21  mm. 
Strong  absorptloon  in  yellow,  orange  and  red.   Intense,  con- 
tinuous absorption  from  0.20'  to  0.32   .  Abrupt  decrease  in 
absorption  from  0.32   to  transparency  at  0.345   .  Trans* 
parent  from  0.345   to  0.51   .   Strong  absorption  from  0.51 
to  beyond  0.53   .  No  decrease  in  absorption  as  far  us  0.63  ^ 
Tne  apparent  increaee  in  absorption  near  0.62   is  due  to  the 
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relative  diminution  of  senaitivenees  of  the  photographic 

eraulsion* 

98*  Vtthyl  Blue*  (0.)    Sodium  salt  of  triphenyl-pararoe* 

aniline-trieulphonic  acid. 

limilar  to  fig.  54,  plate  14. 

No.  479  S.  and  J. 

Dark  blue  powder. 

In  solution;  deep  bright  blue;  true  blue. 

6.89  g.  per  liter. 

An^le  21'. 3.  Depth  0  to  0.18  mm. 
Strong  absorption  in  the  yellov,  orange  and  red.   The  de- 
Bcriptlon  for  solution  No*  99  holds  here  quantitatively. 
99.  China  Blue.  (A.)   Sodium  salt  of  the  trisulphonic  acid  of 

triphenylrooariiline  and  triphenylpararo  saniline. 

Fig.  54,  plate  14. 

No.  480  S.  and  J. 

Coppery  flakes. 

In  sclution;  pure  blue;  blue. 

3.57  g.  per  liter,  (filtered). 

Angle  23*. 4.  Depth  0  to  0.21  mm. 
k    haxyedped  band  begins  in  the  green  and  continues  into  the 
red.   The  strong  lines  around  0.255<.'  are  transmitted  by  the 
deepest  layer  of  liquid.   Absorption  is  more  or  less  uniform 
from  0.20   to  0.32   and  then  ahades  off  to  trar.sparency  at  0,315 
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Transparsnt  fro-n  0.345-'  to  0.505    .  Then  a  band  starts  and 
continues  wlti  undiminished  intensity  to  0.C3   • 

100.  Coralline  Red.   Dl oxy-amldo-triphenylcarbidrld . 
Fig.  55  ,  plHte  lU 

No.  4^4  S.  and  J. 

Reddish  brown  lunps. 

In  solutloni  red;  salmon  pink. 

11.25  g.  per  liter,  (heated). 

Angle  19'. 5.  Depth  0  to  0.18  mm. 

Sharp  band  in  blue  and  j-reen.   Very  definite  at  yellow  side 

with  maxiaua  In  preen-yallow.    Rather  strohg  absorption 

from  0,20   to  0.27  ..  ,  then  a  decrease  to  transparercy  at 

0.315    .  Stronp,  absorntion  from  0.445    to  0.557  ■.  with  aax- 

ifflua  at  0.527  ',  .  Probably  t*o  unresolved  bands  virith  the  weaker 

component  at  the  more  refran-'ible  side.   Transparent   from 

0.5  57    to  0.63  /..  . 
/ 

1 

101.  Night  Blue.  (B.)   Hydrochloride  of  p-toly tetraethyl- 

triamido-dlphenyl-a«naphthyl-carbinol. 
Similar  to  fig.  56,  plate  14. 
No.  489  S.  and  J. 

Violet  broniy  powder* 
In  solution;  brip;ht  blue;  blue. 
2.31  }^.  per  11  ter . 
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Angle  23*. 4.  Depth  0  to  C.21  rani. 
Absor-'tion  ^n    the  yellow,  orance  >xnd    red.   The  limit  at  the 
f;rean  side  la  steep  and  the  curve  is  flat  in  the  longer 
*ave-longthe.   The  visible  region  of  absorption  beg'ns  about 
0.525   .  Kor  the  ultra-violet  absorption  see  fig.  56. 

102.  Victoria  Blue.  4  R.  (B.)    Hydrochloride  of  phenylpenta* 
metnyl-triaraldo-dl-phenyl-tt-naphthol-carbinol. 

Fig.  56,  plate  11, 

No.  190  S.  and  J. 

Bronay  glistening  po«7der  . 

In  aolut'on;  deep  blue;  reddish  blue. 
2.  3  g.  per  liter,  (heated). 

Angle  27*. 3.  Depth  0  to  0.25  mm, 
Haay-adge«  absorotlon  In  yellow  and  orange.     The  red  is 
only  partially  absorbed.   Comparatively  Yeak  ibsorption 
decreases  steadily  from  0.20v  to  about  0.335    .   A  band 
commences  at  0.495   and  continues  to  a  naximua  at  0.53  .  . 
Yrom    thJe  point  the  band  shades  off  gently  towards  the  red. 
(The  apparent  increase  of  absorption  at  0.62   is  probably 
due  to  the  increaeing  lack  of  sensitl venesa  of  the  plate.) 

103.  Rhoda^ine  B.  (B.)   Hydrochloride  of  die thyl-m-amid o» 
phenol-phthalene. 

Figi.  57  a  and  57  b,  plate  15. 
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No    504    3.    tini    J. 
Reddish    violet    powder. 

In  solution;  bluish  Ped ,  violet. 

7.50  g.  per  liter. 

Angle  4,2'. 5.  Tenth  0  to  0.36  am. 
Two  di8t:'nct  Oande,  tne  one  in  the  yello*-orange  and  the 
other  in  the  Kreen-yellow.   Eye  observations,  changes  in 
concentration,  and  different  makes  of  films  show  that  the 
more  refrangible  band  is  the  more  interise.   Fluorescent 
solution.   Absorption  decreases  gradually  from  0.20   to  an 
Indefinite  limit  near  0.3i   .   Strong  absorption  from  0.494/ 
to  about  0.59o-.  •   The  maxima  are  at  0.524   and  0.557    with 
the  intervening  minimum  of  absorption  at  0.54v  .  Transpar- 
ent beyond  the  orange  band  into  the  red. 
104,  Fast   Ac:d  Violdt  B,  (M.)   Sodiua   salt  of  diphenyl-m- 

araido-phenolphthalein  eulphonic  acid. 

Somewhat  like  fig.  58,  plate  15. 

Ho.    506  S.  and  J. 

Maroon  powder. 
In  solution;  bluish  red;  pink. 

3.33  g.  per  liter. 

Angle  27'. 3.  Depth  0  to  0.25  mm. 
Absorption  band  In  the  green-yellow.   This  band  is  co-npara- 
tJvely  definite  on  the  ^reen  side  and  iias  a  shadowy  com- 
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panlon  on  the  red  side*   General  absorption  continues  well 
into  tae  orange-rod.   All  strong  lines  in  the  ultra-violet 
are  transmitted*   The  ultra-violet  absorption  ends  about 
0*33  '   .  The  visible  band  begins  at  0,50S   and  hae  its  max* 
ioun  near  C.53    •  The  less  refrangible  linit  is  indeter- 
minate*  The  essential  difference  betveaa  the  spectrograms 
for  eolations  Nos.  104  and  106  is  that  for  the  former  the 
visibly  band  is  asymastric  vhsreae  for  the  latter  it  is 
sysnetric • 

105.  Fast  Acid  Violet  A  2  R.  (Vf.)   Sodium  salt  of  di»»-tolyl- 
m-*raido*phenol-phthal8ln-flUlphonic  acid. 
Similar  to  fig.  5S ,  plate  IS. 

Nc.  507  S.  and  J. 
Violet  red  po#der. 

In  solution;  red;  pink. 

4.67  g.  per  liter. 

Angle  23'. 4.  Depth  0  to  0.21  mm. 
Very  narrow,  definite  band  in  the  green.   All  etrong  ultra- 
violet lines  are  transmitted.   The  ultra-violet  absorption 
ends  about  0.355^  .  The  visible  band  begins  at  0.495    , 
has  its  aaximua  at  0.525-   ,  and  ende  near  0.57-^  .  The  slant- 
ing end  of  th«  spectrogram  indicates  general  absorption  in  the 
deep  yellow.   The  green  band  for  this  solution  is  of  the  vane 
type  aa  the  correeponding  one  for  No.  104  only  it  is  xuch  less 
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asymmetric,  and  therefore  It  reeerablea  more  closely  Mo.  106. 
Solutions  ?IoB.  104:  and  105  have  the  same  eip^rical  formulae. 

106.  Acid  Rosaaine  A.  (A.)   Sodiuo  salt  of  di-mesidyl-ffl-amido- 
phenolphthalein-Bulphonlo  acid. 

Fig.  58  ,  plat*  15. 

No.  508  S.  and  J. 

Light  red  powder. 

In  solution;  red;  pink. 
10.00  g.  per  liter. 

Angl«  29'. 3.  repth  0  to  0,27  atn. 
Slnrle  V-Bhaped  band  in  the  green.   Weak  absorption  begin- 
ning with  extinction  at  0,20,"  and  fading  gradually  to  trans- 
parency at  0,32  :  •   An  absorption  band  covers  the  interval 
fron  0.505   to  0,565   with  its  maximum  at  0.535   .  Trans- 
parent from  0.565   to  0.63   . 

107,  Uranina.  (B.)    Sodium  or  potassium  salt  of  fluoresceins 
Figs,  59,  60  and  61,  plites  15  and  16. 

No.  510  S.  and  J, 

Yellowish  brown  powder. 

In  solution;  raddish  yellow;  yellow. 
Intense,  narrow  band  in  the  blue-green  with  a  weaker  com- 
panion on  its  more  refranpibls  side.   Very  strong,  yellow- 
ish green  fluorescence. 

Figure  59  resulted  from  a  solution  of  2  g,  per  liter. 
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Angle  23*. 4.  Tepth  0  to  0.21  mm  .   Only  the  stronger  band 
shove.   Here  It  extends  fron  0.480-  to  0.504   with  Ite  max- 
imum  at  0*493   • 

Figure  60  corresponds  to  2.67   g.  per  liter.   The  angle 
31. •2  gives  0.58  am*  and  0.96nm.  reepectively  for  the  depths 
to  which  the  outer  edgaa  of  the  sixth*  and  tenth  photo- 
graphic strips  correspond.   The  spectrogram  shows  that  the 

Yisibla  region  of  absorption  has  roughly  parallel  sides  which 

and  approximately  etraif^ht  linos. 
are  very  definit*.  The  visible  naxioum  is  at  0.493   as  be- 

for*.   At  the  outer  edge  Of  the  slzth  strip  the  absorption 

covert  the  interval  fron  0.437   to  0.515/  • 

Figure  61   wae  obtained  from  a  solution  of  5  g.  per  liter. 

Angl*  42*. 5.  Depth  0  to  0.36  mm.  Visible  absorption  from 

0.432   to  0.518   with  the  Tiaxiaum  at  0.49).  . 

,/ 

A  solution  of  20  g.  per  liter  with  an  angle  of  42*. 5  caused 
the  ultrs-violet  and  vialble  absorption  bands  to  coalesce 
on  the  third  photographic  atrip  in  a  semi-traneparent 
region  extending  roughly  from  0.355   to  0.395    •  Intenee 
absorption  from  0.395   to  0.53i   .  The  short  wave-length 
boundary  Is  indafinita  but  the  opposite  limit  is  very 

ttuurply  defined  and  steep>  "axlaum  absorption  at  0.433  '  . 

/ 


*   The  spectrogram  ind^catee  that  something  happened  to  the 
call  between  the  taking  of  the  sixth  and  seventh  strips. 
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TeetB  were  made  to    aecertaln  whether  or  not  the  condi» 
tiona  were  favorable  to  cont»cilnatlon  of  the  absorption 
spectra  by  the  fluorescent  light.   The  moct  dilute  solution 
was  Illuminated  with  intense  ultra-violet  light  and  an  ex- 
posure of  five  minutea  was  given  to  tha  photographic  film, 
full  davalopneni  of  tha  film  brought  out  no  trace  of  pre- 
vloulsy  incident  light.   Therefore,  since  the  Nernat  glower 
alone  was  used  in  making  the  records  of  the  visible  banda 
and  because,  in  all  cases  except  one*  more  concentrated 

solutions  were  used  ,  it  followa  that  the  spectrograms  are 
correct  representations  of  th-  absorption,  at  least,  so  far 
as  the  fluorescent  li^^'t  is  concerned* 
108.  Eosine,  yellowish*  (A*)   Alkali  ealte  of  tetrabrorao- 

f  luoresce'ine  ■ 

Similar  to  fig*  63,  plate  17. 

No.  512  S.  and  J. 

Teep  red  powder* 

In  solution;  yellowish  red;  pink* 
20.00  g.  per  liter. 

Angle  21'. 3*  Pepth  0  to  0.18  Bn« 
Very  strong  absorption  in  blue  and  green.   Faint  green 
fluorescence  increasing  with  dilution.   SiTillar  absorption 
to  that  ofsolution  Mo.  111.   Intense  absorption  from  0.20/' 
to   0.33/'  .   The  absorption  then  decreases  first  gradually 
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and  then  steeply  to  partial  transparency  at  0.37^/  .   Thi« 
transparent  region  continues  as  far  as  0.434//  •  Intense 
absorption  from  0.434a  to  0,56/'.  •  From  0.515/-'  to  0,525^  the 
solution  is  almost  opaqus*   Tvo  unresolved  bands  seen  to 
be  present.   The  more  refrangible  boundary  of  the  visible 
absor' tion  la  leas  definite  than  the  opposite  side.   The  lat- 
ter limit  is  steep  and  aharp.   Transparent  from  0.56   to  0,63/-^ 
109 •   Edslne  a  1' alcool  .  (B.)    Potassium  salt  of  tetrabromo* 

fluaresca'ina-ethyl-ether. 

rig.  62 ,  plate  !£• 
No.  514  S.  and  J. 

Brown  powder  mixed  vith  small  green  crystals. 

In  sclution;  red;  pink. 

4.29  g.  per  liter,  (heated). 

Angle  46'. 8.   Depth  0  to  0.43  ram. 
Sharp,  narrow  band  in  green,  abrupt  on  yellOT/  aide  and 
diffuse  on  the  blue  side  due  to  a  faint  companion  band* 
Slight  greenish  yellow  fluorescence.   Very  weak  absorption 
in  extreme  ultra-violet.   Absorption  begins  at  0.495    and 
ends  at  0.  540/' .  The  chief  maximum  is  at  0.525   .  Trane- 
parent  fro.-^.  0.540y'  to  0.63,/'  . 
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110.  Methyl  Eoslne.  {  K,)      PotaBs-^um  salt  of  d  i  bronodi  ritro- 
f luoresceine • 

Similar  to  fig.  03,  plate  17. 

No.  515  S.  and  J« 

Brown  crystalline  powder. 

In  solution;  red;  orange. 

10.00  g.  per  liter. 

Angle  15'. 6.   Depth  0  to  0.14  mm. 
Intense  band  in  blue  and  green.   Apparently  two  unresolved 
bands.   Slmil;ir  absorption  to  that  of  solution  No.  111. 
Absorption  is  rather  complete  from  0.20/  to  0.3  '  and  then 
decreases  to  about  0.36.  •   Strong  absorption  from  0.46   to 
0.56  -.  The  principal  naximum  is  at  0.52/-  •  Very  transparent 
from  0,5  6   to  0.63  /x  . 

111.  Eosine,  bluish.  (B.)    Sodium  salt  of  tetraiodo-f luores- 
ceine . 

Fig.  63,  plate  17. 

No.  517  S.  and  J. 

lavender   powder. 
In  solution;  red;  pink. 

15.00  g.  per  liter. 

Angle  21*. 3.  Depth  0  to  0.18  mm. 
Intense  absorption  in  the  blue-green.   The  yellowish  green 
fluorescence  only  appears  in  dilute  aclutions.   Absorption 
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decreases  gradually  from  0.20.  to  0,36,  .    Intense  absorption 

/ 

from  0.455'  to  0.55  5'.  "aximum  of  absorption  at  0,52  u  • 
There  seem  to  be  two  unresolved  bands  of  *h'ch  the   more 
refrangible  is  a  little  leas  intense  than  its  companion. 
This  region  of  absorption  is  sharper  and  steeper  at  its 
yellow  border.   Transparent  from  0.555.  to  O.C3/^  • 

112.  Erythrosine.  ("f.)    Sodium  salt  of  tetralodo-f luoree- 
cslne. 

Fig.  64,  plate  17. 

N*.  517  S.  and  J. 

Dark  red  powder* 

In  solution;  red;  pink. 

15.00  g.  per  liter. 

Angle  21'. 3.  Depth  0  to  0.18  mn. 
Intense  absorption  in  the  blue  and  preen.   A  strong  band 
in  the  middle  with  a  slightly  weaker,  unresolved  companion 
on  each  side.   The  ywlDowish-green  fluorescence  only  appears 
in  dilute  solutions.   The  region  of  visible  absorption  is 
from  0.455.  to  O.SfcS/'-  •  The  chief  maximum  is  about  0.518  '-  . 
The  yellow  ed^^e  of  this  group  of  bands  is  very  sharply 
defined.   Transparent  from  0.562,'^  to  0.63m  . 

113.  Cyanoaine.  (M.)     Alkaline  salt  of  tetrabromod 1 chloro- 
fluorescsine -methyl-ether. 

Fig.  65,  plate  17. 
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No*  519  S.  and  J. 

Brownish  red  powder. 
In  solution;  red;  bluish  pink. 

Saturated,  (boiled)* 

Angle  25. •♦  .  repth  0  tc  0.23  ram. 
Band  in    blue-green  and  green.   Faint  yellowish  fluorescence. 
Strong  absorption  from  0*493"  to  0.553.'-  with  its  maAimum  at 
0.525/  .  Transparent  from  0.553   to  0,63    . 

114.  Rose  Benpal.  (B,}   Alkaline  salt  of  tetraiodod i-chlorc 
f luoreeceane  * 

Fig.  66 ,  plate  17. 

No.  520  S.  and  J. 

Brown  powder. 
In  solution;  red;  orange. 

15.00  g.  per  liter. 

Angle  21*. 3.  Tepth  0  to  0,18  mn* 
Double,  unresolved  pair  of  bands  in  ;r.Teen.       In  anyl  alcohol 
the  bands  were  nearly  reeolved.   Strong  absorption  from 
0.48   to  0,575   ,  Transparent  from  0.575"  to  0,63"  , 

115,  Phloxine.  (B,)    Sodium  salt  of  t etrabromotetra-chloro- 
f lucre Bceine , 

Fig,  67,  plate  18. 
Mo.  5  21  3.  and  J, 
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Brick  red  powder. 

In  solution;  cherry  red;  pdnk. 

12.50  g.  per  liter. 

Anple  42'. 5.   Depth  0  to  0.3t  mm. 
Intene*  absorption  in  the  even*      Dark  green  fluorescence. 
The  visible  band  lies  between  0,458  -and  0.57   .   The  max- 

iaum  is  near  0.535/. •   For  dilute  solutions  the  absorption 

/ 

is  very  Tiuch  like  that  shown  by  fig.  65,  except  that  the 
contour  of  the  band  in  the  green  is  sharper  than  for  solu- 
tion No.  113. 
116.  Galle'ine.  (By.)     Pyrogallol-phtlialein . 

Slrailnr  to  fig.  29,  plate  8. 

N«.  52  5  S.  and  J. 

Violetbrovn   poffder. 

In    solution;    very    darkbrotrn;    brown. 

Saturated,    (heated). 

Angle  58'. 5.  Pepth  0  to  0,54  mn. 
Ha»y«edged  absorption  in  the  blue-green  and  green.   The 
absorption  is  comparatively  strong  at  0.20   and  decreases 
very  gradually  to  soni-transparency  about  0.435   .   Only 
partial  traneparency  exists  between  0.435   and  0,485 

A  V-shaped  band  abscrbe  from  0,485v  to  0.553  '  .   The  nax- 

/  / 

imum  is  about  0.52//  .   The  end  of  the  negHtive  slants  a  good 
deal  showing  general  absorption  In  the  yellow-ora'-ige.   The 
spectrogram  is  Hke  that  which  would  be  obtained  with  a  Tjore 
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concentrated  solution  of  'lo.  47  if  it  were  poBslble  to  pro- 
duce such  a  condition. 

117.  Phoephine.  (".)   Nitrate  of  chry«amiline( unsym. di-amido- 
phenyl-acridine)  ,  and  homoloques. 

Fig.  68  ,  plate  18 . 

No.  532  S.  and  J. 

Orange  yellow  powder. 

In  solution;  brown;  yellow. 

11*25  g.  per  liter,  (heated  and  filtered). 

Angle  27'. 3.  Depth  0  to  0.25  mm. 
Absorption  in  violet,  blue  and  green  with  hazy  limits.   Strong 
absorption  fro^n  0,20/-'-  to  0.295/'-  ,  then  weakening  to  se"ii- 
transparency  at  0»3::5/>  .   Next  a  band  with  raaxiraum  at  0,3  6',  . 
Return  to  partial  transparency  at  0,4I,ix.  .  Then  follow  two 
unresolved  bande  with  maxima  about  0.458"  and  0,50/.  .  Com- 
plete transparency  from  0,52m  to  0.62/^-  .  A  solution  so  con- 
centrated as  to  absorb  all  the  ultra-violet  and  visible 
spectrum  from  0.20".  to  0,538'^,  was  transparent  to  0,63m. 

118.  Alizarine  Brown  .(V.)   Trloxyanthre-quinone . 
Similar  to  fig.  29,  plate  8. 

No.  538  S.  and  J, 
Dark  brown  powder. 

In  solution;  dull  brown;  brown. 
Saturated , 
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Angle  35'. 1.  Depth  0  to  0.3^;  mn. 
Veneral  ,  indaflnite  abeorption  except  in  the  red.   ^beorptlon 
intanea  and  uniform  from  0.20   to  0,33   .  From  0,33   the 
absorption  decreases  very  pradually  and  nearly  linearly  to 
about  0.47   .   A  very  weak  band  with  ita  maxinuB  at  0.52y/ 
exists  over  and  above  the  intensity  minimum  of  the  eansi* 
tixed  film.   The  end  of  the  negative  slope*  appreciably 
denoting  continued  general  absorption  in  the  orange.   No 
visible  weakening  of  the  red.   A  maximum  of  transparency 
is  around  0,48  o-»  The  spectrograms  for  solutions  N06.II6 
and  118  are  very  similar. 

119,  Alizarine  Red  S,  (B,)    Sodium  salt  of  alizarine-mono- 
Bulphonic  acid. 
Fig,  69  »  plate  18. 
No,  546  S,  and  J. 
Orange  yellow  pov/der. 
Tn  solution;  reddish  yellow;  yellow. 
12.00  p,  per  liter,  (heated   and  filtered). 
Angle  30'. 0.  Depth  0  to  0,45  mm. 
Absorption  in  violet  and  blue.   Opaque  from  0.20   to  0.275'  . 
Absorption  decreases  gradually  from  0,275  .to  partial  trans- 
parency at  0,377  .  and  then  increases  to  a  rnaxiTtum  at  0,42   . 
Absorption  ends  at  0,485  ..  Mo  visible  absorption  from  0.49 cc 

to  0.63  .  . 
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120.  Alizarins  Blue  S.  (U.)    Scdium  bisulphite  compound  of 

dioxy-anthra-quinon«-3-quinolln«. 

Fig.  70,  plate  18. 

No*  563  S»  and  J. 

Chocolate  brown  powder. 

In  eolution;  yellowish  brown;  brown. 

7.3V  g.  per  liter. 

Anfle  58'. 5.  '"epth  0  to  0.54  mm. 
Absorption  in  violet,  blue  and  green.   The  absorption  ex- 
tends into  the  ultra-violet.   Absorption  from  0.20^  to  0,33/^t 
is  almost  complete  save  a  slight  weakening  around  0.285   • 
Intense  fiaximum  at  0.315/.  •  Absorption  cecreases  abruptly 
from  beyond  0.33'  to  transparency  at  0.36   »   The  transpar- 


ent region  is  from  0.36   to  about  0.385 


A  pair  of  wide 


bands  absorb  from  0.385   to  0.543   •  Their  inaxima  nre    ut 
O.i'/'  (\Y\^    0.517   •   Tho  intorTening  minimum  of  absorption 
is  at  0.t8   .  Transparent  from  0.543   to  0,63/.  The  ultrii- 
violet  bands  remain  very  intonse  even  when  dilution  causes 
the  visible  bands  to  disappear. 
121.  Neutral  Red.  (D.H.)    Hydrochloride  of  d imetnyld iamid o- 

toluphenasine* 
Sliailar  to  fig.  71,  plate  19. 

No.  580  S.  and  J. 
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Park  jtreen  powder. 
In  solution;  rod;  pink. 

3.00  g.  par  lltar. 
Angle  39'. 0,  Depth  0  to  0.36  mm. 
Band  in  blu«  and  blue-green,  not  sharp  at  edj^e*.   Very  similar 
absorption  to  that  of  solution  No.  12.^.    Slight  transpar- 
ency at  0.23  .  .   A  b<^nd  lies  bat.Toen  this  point  and  0.31/t 
where  transparency  begins  to  be  coTplate.   An  absorption  band 
extends  from  0.468 ct to  0.543   with  its  aaximum  at  0.507  ;  . 
Transparent  froa  0.545   to  0,63'   . 

122.  Phenosaf ranina.   Dianidophenyl-phenaionium  chloride. 
Fig.  71,  plate  19. 

No.  5B3  5.  and  J. 

Green  glistening  crystals. 

In  solution;  clear  red;  pink. 
3.50  g .  per  1  ter. 
Angle  39*. n.  Depth  0  to  0.36  am. 
Band  in  blue  and  blue-green,  not  sharp  at  edres  .   The  ultra- 
violet band  ends  about  0.31   '.  .   The  visible  band  absorbs 
from  0.45  V-  to  0.545  '.  wit.i  maxitaum  at  0.50  ,  .  Transparent 
from  0.545   to  0.63".  . 

123.  Safranins.  (B.)    Mixture  of  d  iarai-do-phenyl-md  toljil  - 
tolaioniuTi  chlorides. 
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Sinllar  to  fig.  71,  plats  U . 

No.  58i  S*  and  J. 

"eddish  bro#n  po»»d«r. 

In  solution;  red;  red* 

5 .00  g .  per  liter. 

Angle  27'. 3,  Depth  0  to  0.25  aa. 
Definite  abeerutlon  in  blue-green  and  green.   Similar  ab» 
•Prption  to  that  of  aolution  Mo.  122.   Strong  absorption 
frua  0.20^.  to  0.28  '.   .  Rapid  decrease  in  absorption  from 
0.28  .  to  0.32  ,  .   A.baorption  begins  again  at  0.44  -:  ,  increases 
to  a  maximum  near  0.495  ..  ,  and  then  decreases  to  transparency 
at  0.555  '  .  Transparent  frow  0.555    to  0.63<^  • 
124.   Heliotrope  2  B«  (A.)   Dlmethyldiaaido-'xylyl-xjrlophen- 

atoniusi  chloride. 

Fig.  72,  plate  19. 

No.  59  0  S,  and  J. 

Graj'lsh  rreen  pov/der. 
In  solution;  reddish  violet;  reddish  violet. 
7.00  g.  per  liter. 

Angle  27'. 3.  l^6'?\)n    0  to  0.25  mm. 
Strong  band  in  yellow  and  ora-^ge.   Transparent  to  deep  red. 
Strong  absorption  fro""  0.1-8  '  to  O.CoS'  »ith  naxiraum  nsar 
0.535   .   Incr-asing  transparency  fror.  0.605  .into  the  red. 


Oul 


.  '.     iitiJi    aS    IBt     .0'' 
.ce    Ct.O      *    0   rt^-^^T    ,t.»75i    ^*_.kA 

.sb'toXrio   RiilROXi! 

.*e£o*7    limt'itfi     \ialA^^'    r-fh&«»    {rtot^irX'-     "" 

-b^t    q8«b   OJ    .Jcitic.^. anaiT      ,»•'   itno    i.    .     "jJIicj   rt    bar^'    '-v    - 
•jjBftr  -«       COJ.O    oS       8i.O    "^otT    floi^  ^  TSfJ^j    'irtul^C 


131 


125.  Rosol.ma    0,    (".     )       Phenyld  iaraldo-phenyl-toluphen-axonl  um 
ohlorid** 

Similar    to    fig.    58,    plate    15. 

N*.    591    S.    and    J. 

Olive  green  po#der. 

In  solution;  deep  Tlolet;  faint  reddleh  violet. 

9.00  g,  per  liter,  ( ffaraed  and  filtered). 

knglt   35*. 1,  Depth  0  to  0.32  am. 
Weak  band  in  the  green  broadening  out  into  general  abaorption 
on  the  red  side.   Sonevhat  similar  absorption  to  tnat  of 
solution  No.  106.   Slight  transparency  at  0.23m  is  followed 
by  a  aaxlaum  of  absor-.tlon  near  0.27,^  .   Absorption  ceases 
about  0.33   and  begins  again  at  0.49Sa,  •   The  latter  band 
has  its  naxlmum  at  0.525  .  and  fades  into  general  absorption 
around  0.563   .   The  end  of  the  positive   slants  appreciably 
thus  eaphasiiin^  the  general  <i:>sorption  in  the  firange  . 
Transparent  to  the  red. 

126.  Nigroaine,  soluble.  (A.)   Sodium  ealtc  of  sulphonie 
acid*  of  spirit  nigrosinea. 

No*  602  S.  and  J. 

Coal  black  glistening  luaps. 
In  solution;  blackish  blue;  dull  blue. 

Saturated • 

Angle    31'. 2.    tepth    0    to    0.29    nrni. 
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Very  indefinits  absorption  in    the  yellow  and  orange.   Ab- 
sorption ratner  strong  betveen  0.20  y^  and  0,30z^  .   From  0.30  m 
the  absorption  dacreaaee  to  transparency  at  0.35^  •   Pifferent 
photographic  emulsione  show  a  weak  band  about  0,528/^  .   Ab- 
sorption continues  general  into  tne  red  as  ^s  s;iown  by  the* 
apnracj  iblo  elant  of  tie  end  of  the  negative. 
127.   Naphthalene  ^ed.    >'lxture  of  anid  o-naphthyl-naphth- 

aioniua  chloride  and  d iamido^naphthyl-naphtna zoni um  chlor- 
ide. 

Fig.  73 ,  plate  19. 

No*  614  S.  and  J. 

Eark  brown  powder. 

In  solution;  red;  faint  pink. 

Saturated,  (heated). 

Angle  31'. 3.  lepth  0  to  0.29  mm. 
Haxyedfed  absorption  band  in  the  r'reen.   The  visible  band 
extend*  from  0,488/^  to  0.545  ^  with  Its  -naxlaum  at  0.517i._. 
The  slight  Inclination  at  the  vi    end  of  the  negative  shows 
appreciable  decrease  of  transparency,  between  0.545  .and  0.63  i 
with  increaee  of  thickness  of  absorbing  layer. 
123.  Allftirine  Green  B,  (D.)   IMoxynaphth-aioxonium  sulphonate. 

Mo.  647  5.  and  J. 

Dark  green  powder. 
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In  solution;  dark  pre»nj  light  gresn. 

20,00  jr ,  p^r  liter,  (heated  and  filtered.) 

Angle  31'. 2.  PePth  0,2C   to  0.55  am. 
General  absorption  in  the  violeti  orange  and  red.   The  min- 
imum of  absorption  l^es  in  trie  p.reen ,    of  coiir»«.   '.Vhwn  the 
deptn  wae  0  to  0.29jnm.,  the  ultra-violet  absorption  ended 
at  about  0.355  -^  .  There  le  no  sharp  band  in  "he  ultra- 
violet, but  siaply  on9-sided  absorption  decreasing  from  0.20  u 
tovvardi  the  longer  wave-length«« 
123.   Colanbia  Yello*.  {  K,)         Oxidation-products  of  dehy- 

drothioto-luid ine-sulphonlc  acid  or  of  tho  latter  and 

prlmuline  together* 

Fig,  74,  plate  19. 

No.  665  S.  and  J. 

Brownish  yellow  po*der. 

In  solution;  yellow;  lif:ht  yellow. 

10,00  g.  per  liter,  (waraied). 

Angle  31*. 2.  I>eptn  0  to  0 .  Z9    mm, 
Weak-edped  absorption  in  violet.   Uniform  absorption  from 
0.20   to  about  0.36  //  .  Then  a  steady  decrease  in  absorption 
to  0.45  '.  .  Coaplete  transparency  fror  0.45   to  0.63  ,<.  . 
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130.  Qulnoline  Blue.(r..) 
No.  6  64  S.  and  J. 
Gliatening  screen  crystals. 

In  solution;  delicate  violet;  p.^nk. 
Saturated,  (heated). 

Anple  C  .  Tepth  134  to  13 t  mm«. 
Only  tne  blue  and  blue-green  faintly  trans-nl  t  ted .   (No  pho- 
tograph vas  taken  for  the  saturated  solution.)   When  44  cxs .  of 
the  saturated  solution  was  diluted  to  90  c.c .  a  stronp;  band 
appeared  in  tne  yellow  and  orang«,  while  the  red  was  freely 
transaitted .   The  ultra-violet  absorption  extends  to  O.iO^i 
and  fades  out  about  0,43   .   Tfeak  absorption  begins  at  0,48/^ 
and  increases  to  opacity  near  0,55,t'-.  Complete  absorption 
continues  to  about  0.607  .:  .   Absorption  decreases  rapidly  from 
0.60T   to  0.63    .  Vhen  44  ex.  of  the  saturated  solution 
was  i^ado  up  ^o  112  c.c*  and  a  column  15  eras,  was  uasd,  no 
definite  band  could  be  seen  but  only  a  faint  weakening  of  the 
orange.   The  ultra-violet  absorption  was,  however,  complete 
as  far  as  0,d74   and  vanished  near  0.;595y,.  • 

131.  Ouintline  Yellow,  soluble  in  water. (A.)   Qulnolina  Yel- 
low 0,(".)    ?odiura  salt  of  the  sulphonic  acid  (chiefly 
diaulpnonio  acid)  of  quinophthalone. 

Fig.  75,  plate  20. 
No.  6  67  vl.  and  J. 
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Yello«r   powder* 

In  solution;  l«mon  yellow;  faint  yellow. 

17.50  g»  per  liter* 

Anple  27'. 3.  Tenth  C  to  0*25  mm. 
Strong  band  In  extreme  violet.   One-aided  abeorption  in 
ultra-violet . ends  about  0,33   .  Traneparent  region  from 
0.33   to  0.;i45   .  \  band  commsncee  at  0.i43   ,  has  its  max- 
imum at  O.-iO   and  joins  a  narrow  companion  band  at  0.438  x.* 
^*aximua  of  little  bind  is  about  0*448./  and  complete  trans- 
parency extends  from  0,453   to  0,63   .  For  a  five-etrip 
negative  the  absorption  only  advanced  to  0.463  .  . 
132*  Indigo  Carmine,  dry.    Sodium  salt  of  indigotine  di* 

•ulphonic  acid. 
No.  693  S.  ».nd    J. 

Deep  violet  po  rder* 
In  solution;  blue;  blue* 

10*00  g.  per  liter. 

\nple  <J3'.4.  Tepth  0  to  0,21  am* 
Transmits  preen  and  yellow.   Moderately  intense  band   in  the 
orange  red  beginning  about  0.5SS/y.  and  increaeing  beyond  0,63 
General  absorption  from  0.20  .to  complete  transparency  at 
0.37   . 
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133.  Acid  Vagenta  S,    (A.) 
Similar  to  fig.  31,  plate  13. 
Park  graen  porder. 

In  bolutdon;  bluith  rad ;  bluish  pink. 

10.00  g.  per  liter. 

\ngla  15*. 6.  Tepth  C  to  0.14  mm. 
Strong  band  in  the  green  with  abrupt  edges.   Violntj  indi- 
go, orange  and  red  are  transmitted.   Similar  absorption  to 
that  of  solution  N'o.  95.   Partial  transparency  in  the 
Ticinity  of  0.265  /  «   A  comparat : vely  weak,  narrow  band 
has  its  tnaxlraun  near  0,295   ,  and  absorption  ceases  about  0.325< 
An  intense  region  of  absorption  begins  at  0,46   ,  has  its 
maximum  at  0,535  '.  ,  and  ends  at  0.58   .   Therefore,  this 
region  slants  more  at  the  violet  border  than  at  tne  orange 
side.   The  band  is  Tery  smooth  and  round. 

134,  Alliarlne  Orange.  (Powder  80^.)  (ri.) 
Fig.  76,  plate  20, 

Very  deep  purple  povrder. 

In  solution;  dark  red;  red. 
5.83  g,  per  liter,  (warned  and  filtered). 
Angle  27*. 3.  Pepth  0  to  0.25  mm. 
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f •ak  ,  Bhadoiry  band  ^n  thfl  rrtan-yellow  gradually  fading 
away  in  the  rod.   The  ultra-violet  absorption  is  intense  and 
one-sided,  and  ceasea  about  0.i9u»    The  visible  band  begine 
near  P»18   ,  has  its  maximum  at  0.525   ,  and  fades  into 
general  absorption  about  0.56   .   The  end  of  the  nerativ* 
slopes  to  an  unusual  extent  showing  that  the  general 
absorption  is  relatively  strong. 
135.  Aliiarine  Red  no.  1,  *0i ,    («».) 

Similar  to  tif,.    29,  plate  8. 

Yellow  paste. 

In  solution;  deep  yellov;  yellow. 

Saturated . 

Angle  31'. 2.  Depth  0  to  0.29  an. 
Absorption  very  #eak ,  general  and  indefinite.   A  few  mns . 
of  the  solution  show  complete  opacity.   The  solution  looks 
like  a  milky  but  yellow  emulsion.   The  ultra-violet  ab- 
■orption  is  relatively  #8ak ,  is  quits  general,  and  fades 

away  to  semi-transparency  near  0.4  j. .      A  slight  weakening  of 

/ 

transparency  aruund  0.52   may  be   the  fault  of  the  sensitized 
film.   The  end  of  the  negative  slope*  quite  enough  to  indi- 
cate continued  absorption  in  the  orange.   No  visible  ab- 
sorption in  the  red. 
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136.  Aurophotphine  4  G.  (A.) 
Fig.  77,  plate  ^0. 
RaAdish  bro«rn  po.vder. 

In  solution;  clear  yellow;  yellow. 

11.67  g.  per  liter. 
Angl«  27'. 3.  Pepth  0  to  0,25  lara. 
Stronr  absorption  in  the  violet  and  indigo.   Absorption 
decreases  from  C.20/yto  a  maximum  at  0.245  -and  tnen  follows 
a  rounded  curve  to  transparency  at  0.305//-.  Unusual  trans- 
parency from  0.305   to  0.3'30  :  .  Ae  fof  p.nl  troeodinethyl 

aniline,  so   here,  all  the  strong  lines  between  0.324   and 
0.363  ■  are  transmitted  with  al'noet  no  decrease  in  intensity. 
A  V-shapsd  band  absorbs  from  0.330  >  to  0.470   with  its  "lax- 
inura  at  0.430'  .  Transparent  fron  C.470m  to  C.63y/-  « 

137.  Brilliant  Croceine,  blus  shade.  (H.) 
Slnllar  to  fig.  17,  plate  4. 

Bright  red  ponder. 
In  solution;  red;  salmon  pink. 

7.00  g.  per  liter. 

Angls  25' .4.  Feptn  0  to  0.23  am. 
Stronp;  band  in  blue*green  and  green.   It  elopes  mors  on 
the  blue  than  on  the  yello*  border.   Similar  absorption 
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to  that  of  solutJono  "loa.  21  and  43.   Abtorpt.ion  d  e  creates  from 
O.aO   to  H  region  of  partial  transparency  in  the  vicinity  of 
0.29   .  A  synnetrical  ha«y  band  absorbs  from  about  0.305  .  to 
0.385   •  A  strong  band  absorbs  from  0.458   to  0,558   with 
its  Tiaximun  near  0,518  ...  Transparsnt  to  the   cra^igs  and  red. 

138.  Brilliant  Purpurine  10  B.  (A.) 
Slnilar  to  fig.  23,  plate  7. 
Grayish  violet  powder. 

In  solu'tiont  red;  bluish  red. 

5.83  y,  •    per  liter,  (warmed). 

Anglt  23'. 4,   Depth  0  to  0,21  ran. 
Shadowy  band  in  the  grsen  with  General  absorption  in  the 
yellow  and  orange.   Similar  absorotion  to  that  of  solution 
No*  46,   Absorption  decreases  froa  0.20//.  to  a  semi«t''an8- 
parsnt  region  around  0,29.^  ,   A  symmetrical  hazy  band  ab- 
sorbs from  about  O.SO.y.  to  0.38  .  .  Another  band  begins  near 
0.48  .^.  f    has  its  naximum  at  0.52 /x  i  and  ends  at  0.55S  a/  .  The 
tnd  of  ths  negative  slants  at  an  angl*  of  about  30°  tnus 
enphasising  the  strong,  general  ajsorption  in  the  yellow- 
orangs. 

139.  Columbia  Fast  Scarlet  4  B.  (A.) 
Fig,  37,  plate  10, 

Red  powder. 
In  solution;  yellowish  red;  pink. 
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5.83  g.  per  liter. 
Anglt  27', 3.  D»pth  0  to  0.25  mn. 
Broad  absorption  in  th«i  blu«i  blue-green  and  ^fanm      The 
contour  ie  somewhat  haiy.   The  epectrogram  is  identical 
with  fig.  37  for  solution  No.  67» 

140.  rianll  Orange  G.  (!(,) 
rig.  78  ,  plate  20. 

Brick  red  glistening  powder. 

In  aolution;  yellowieh  red;  yellov. 

11*67  g.  per  liter. 

Angle  23'.-l.  Pepth  0  to  0.21  am* 
Unifora  absorption  frora  the  blue  border  of  the  green  to  the 
extreme  Tiolet  and  beyond.   Except  for  slighti  wavy  regions, 
the  absorption  decreases  almost  linearly  from  C.^0   to 
about  0,53  .  .  At  this  point  it  ends  rather  abruptly.   Trans- 
parent  from  0.53  -  to  0,63   , 

141.  Flueraaca'ine.   Tetraazyphtalo-phenov  anh  ydride  C,  HO. 
♦  H,  0  . 

Cinnibar  red  ponder. 
In  solution)  faint  yelle*. 
Saturated,  (boiled). 
\ngle  0°,  Depth  3,7  to  3.7  ame. 
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Weak  band  in  blue  and  blue«p;r»«n.   Intensa  graan  f  luorescanca  • 
Absorption  complete  from  0.20/.  to  0*^5^/'  and  than  decraaaoa 
to  transparency  at  0*29   *  Vaak  absorption  extends  from  about 
0.46   to  0,503 
14i»    Guinea  Caraine  B.  (  A« ) 

Fig.  T9,  plate  21. 

Brcffn   powder. 

In  solutlont  red;  pink* 

Satarated. 

Angla  riT*.   Depth  0.26  to  1.51  »■•• 
Absorption  in  groon.   No  lines  transmitted  betveen  0*20ytx 
and  0.373   .  (Non*tero  de?th  of  liquid).  K   haiyedged  band 
extends  from  0.493   to  0.548.  with  its  maximum  at  0.521   . 

Traneparent  from  0.548   to  0.63   . 

/ 

14t •  Soluble  Prussian  Blue. 

Deep  blue,  glistening  povder. 
In  solutiOBi  deep  blue;  blue. 
1.76  g.  per  liter. 

Angle  21'.-.  rortn  0  :■:•  8.13  mu. 
Strong  absorption  in  the  yellow,  orange  and  rad •  Almost 
opaque  from  0.20/  to  0.28   .  Absorption  decreases  very 
gradually  fron  0 .  28  '  to  0.38  v.  .  T.'ic  v"  s  i  M  .^  "Kj-'n'^  rf 
absorption  begine  at  0.505  and  continues  to  0.63   and  beyond. 
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144.  Thiogane  Brown  8.  (M.) 
Similar  to  fig.  29,  plite  8. 
Bluish  black  lumpi. 

In  solutJoQi  dull  l>ro«ni  brown* 

S«turat«4* 

Angle  27*. 3.  D«pth  0  to  0*35  •■• 
General  veakenlnfi  of  »11  the  visible  spectrum  except  the 
blue  «nd  red*   The  eolution  emelle  strongly  of  hydrogen 
•ulphide*   (The   oder  is  not  ao  marked  for  the  dry  dye.) 
Similar  abeorption  to  that  of  aolutlon  No.  47.   Abeorption 
decreteea  vary  gradually  frois  O.^Oyyto  about  0«41/<.   On 
both  eldee  of  0.445  >  the  abaorptittt  la  at  a  miniiium*  k   very 
ahadovy  band  absorbs  from  0«4f,/y  to  0*545//.  •   Its  maximua  is 
naar  0«52d   *   The  end  of  the  negat:>va  alants  markedly  and 
thas  points  to  the  absorption  la  the  yellov  and  orange* 

145.  Thlegene  Orange,  ^m    (M.} 
Similar  to  fig.  21,  plate  5. 
Brown  ponder. 

In  solution;  reddish  brown;  yellow. 
5.83  g.  per  l^ter,  (filtered). 
Angle  50*. 7.  Depth  0  to  0.46  mn* 
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VsRk  absorption  in  the  tiolet.   The  solution  has  an  un- 
pleasant odor.   Its  absorption  is  similar  to  that  of  solu- 
tion  No.  30.   Absorption  is  conplete  fror.  0.20/^  to  0,i5yU. 
and  than  dscreasss  wth  a  long,  gantla  curve  to  transparency 
about  0.445   .  Transparent  from  0*445    to  0.63   . 

''ISCILLAN'ECUS  ABSORBING  MEDIA. 

146.  Aasculino. 

Fl{s.  80  and  81,  plate  21. 

White  powder. 

In  solution;  oolcrlees. 

Saturated . 

Angle  39'. 0.  Dapth  0  tc  0.36  mm. 
No  visible  absorption. Intense  blue  fluorescence.   Absorption 
decreases  from  0.20o'  to  semi-tranparency  about  0.26^  . 
Partial  transparency  fron  OtiSuto    0.273   .   The  band  with 
Which  the  fluorescence  is  probably  associated  extends  from 
0.273   to  0,363v  with  its  maximum  near  0.32^  .  Complete 
transparency  from  this  band  to  0.63   and  beyond.   Figure  81 
shows  the  results  of  using  copper  electrodes  instead  of 
Cd»7n»braBS . 
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147.  Barium  Permanr.anate . 

The  abeorption  Is  identical  With  that  of  potaasium  per- 
manganate eolutlons  having  the  same  concentration  in  the 
M,  0,  ione.   Sej  Ho.  152. 

148.  Carborundum  and  Diaarond.  * 
Fig.  82**,  plate  31. 

Bight  cryetalllne  platee  of  carborundum  and  three  of  diamond 
were  fastened  to  a  strip  of  black  paper  in  such  a  manner 
as  to  bridge  across  different  parts  of  a  lon^,  elit-llke 
opening  in  the  paper.   The  carborundum  plates  varied  in  color 
from  visible  transparency  to  deep  blue.   The  carbons  were 
colorless.   The  accompanying  sketch  shows  approximately 
the  sise,  shape,  relatire  positions,  and  distribution  of 
blue«  of  tne  plates.   d,  •  and  f  denote  the  diamonds.   The 

paper  strip  was  slid  over  the  q t 

o  * 
slit  of  the  spectrograph,  <^  e 


parallel  to  the  length  of  It)* 

this  opening,  and  euccessive  ^^^  ^ 

exposures  were  taken.   The 
absorption  produced  by  plates 
a,b,c,d  and  e  was  first 
photographed,  then  the  ab- 
sorption of  f  and  g  ,  next 

•  Kindly  loaned  by*  Mr"^"  L.  E.  Jewell. 

••  Due  to  the  manner  in  which  the  photograph  is  numbered  the 
wave-lengths   increaee  from  right  to  left. 
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that  of  h  and  i,  and  lastly,  that  of  j  and  k.   The  epark 
and  flower  exposures  were,  as  usual,  75  sees,  and  €0  sees* 
ryspectavely* 

Plate  §  »as  uniformly  colored  a  blue  of  "loderate  inten- 
sity •   Its  absorption  is  shown  by  the  pnoto^raphlc  strip 
the  outer  boundaries  of  which  are  numbered  1  and  2>   In 
cases  where  the  crystals  were  not  in  contact  the  light 
passed  through  between  them  and  produced  narrow  comparison 
spectra;  for  example,  the  strip  between  Moe*  2    and  3> 

Plate  b^  was  almost  colorless  with  a  frosted  surface* 
Thickness  0.036  mm.   Its  absorption  spectrum  is  the  strip 
between  3  and  4. 

Plate  c^  had  about  the  sane  color  as  plate  a*   Thickness 
0.173  mm.   Its  absorption  spectrum  is  the  strip  between 


5  and  6. 

Plate  d^  was  a  smooth,  colorlese  carbon.   Thickness  0.191 
■m*   Its  spectrum  is  between  6  and  7.   c^  and  d^  were  prac- 
tically in  contact.   This  pair  of  plates  show  how  much 
more  transparent  to  ultra-violet  light  pure  carbon  Is  than 
a  colorless  plate  of  carborundum  of  comparable   thickness. 
Judging  by  the  net^ative  the  former  transmits  no  light  of 
wave-length  shorter  than  0.273    .  whereas  the  latter 
absorbs  everything  shorter  than  0.39   .^  • 
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Plata  e^  had  such  an  Irregular  surface  that  the  liRht 
transraitted  by  It  did  not  fall  upon  the  sensitlied  film. 
Thickness  about  0*191mn«     The  blank  between  10  and  11  is 
due  to  the  translation  of  the  photographic  film  between  the 
first  and  second  settings. 

Plate  t_   was  a  diamond  with  irregularities  running  par- 
allel to  the  slit*   Thickness  0.533  mn.  Spectra-i  uet#een 
11  and  12. 

Plate  £^  was  a  deeper  blue  than  any  of  the  above  mentioned 
crystals  in  the  pentagon  nearer  plate  _f*  "^^^  wide  border 
extending  around  four  sides  of  the  blue  area  was  practically 
colorless.   Thickness  0*60<2  znn*  Spectrum  between  13  and  14. 
f,  and  £,  contrast  diaaond,  colorless  carborundum  and  blue 
carborundum  with  one  another*   The  blank  from  14  to  15 
marks  the  second  setting  of  the  film* 

Plate  h^  had  a  delicate,  uniform,  blue  tint.   Thickness 
0*064  nrni.  Spectrum  between  16  and  17. 

Plate  i^  was  a  deeper  blue  than  any  of  the  preceding 
crystals*   Thickness  0.345  nr>j.  Spectrum  between  18  and  13. 
The  blank  from  19  to  20  corresponds  to  the  third  setting 
of  the  photographic  film. 

The  centre  of  plate  J^  was  as  deep  in  color  as  the  middle 
of  ^  and  it  was  also  the  thickest  plate  studied*  Thickness 
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0*693  mr..  Spectrum  between  20  and  21, 

Plata  k_  was  of  a  delicate  blue  color  of  a  slightly  deeper 
hue  than  platea  _b  and  _c  except  in  the  corner  nearer  J^.   In 
the  latter  place  it  had  about  the  eame  tint  as  plate  h. 
Thickneas  0.097  ran.  Spectrum  between  22  and  23. 

149.  Diamond. 

SjMI    No.    148. 

150.  Ethyl  Alcohol. 
Figure  83  ,  plate  22. 

A  cell  irae  filled,  to  a  depth  of  13*5  mne.,  eucceseively 
with  95i    alcohol,  with  glycerine,  and  with  distilled  water. 
Each  exposure  lasted  for  1*5  ninutea.   The  middle  strip  of 
figure  83  corresponds  to  the  glycerine  and  the  strip  ehowing 
no  absorption  at  all  resulted  from  the  light  tranemitted 
by  the  .7ater.   The  v.lcohol  absorbed  all  light  of  *ave-ieAj;th 
lass  than  2li5/>.  and  showed  a  general  weakening  of  tne  con- 
tinuous background  as  far  as  about  0*28 yy  • 

The  corresponding  wave-lenpths  for  the  glywerine  are  0.25^ 
and  0,i'iyj.  respectively* 
i51»  Giyceri'ia. 
Saci  Nu*  130* 
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152.  Potaaslun  Pernanp.inate . 

Figures  34,  85  and  85,  plutss  22  and  ii» 

Grayiah  bro*n  crystala  with  violet  reflex* 

In  eolut.^on;  deep  violet;  vi'oltit. 

16.67  g.  per  liter. 

Anple  27*. d,    ^opth  0  to  0.23  m'^. 
Five  distinct  binds  dourly    visible  Jn  the  preen  with  a  very 
faint  comnanion  on  the  blue  eida.   The  central  band  of  the 
five  is  a  little  more  intense  than  Jta  leas  refranj^ible 
neighbor.   Light  from  the  sparlc  decomposes  the  potassium 
peraanganate  so  rapidly  *ith  the  formation  of  innumerai>le 
aiall  bubbles  that  the  axpooures  hid  to  be  -nade  is  follows. 
let.  Expose  to  ipark  for  25  sees.  2nd.  Remove  cell  from  spec- 
tro'~r3ph  and  clean  airay  the  bubbles.   3rd.  Replace  the  cell 
and  make  another  exposure  for  25  sees.,  and  so  on,  three 
times  for  each  di8t:'not  strip  of  the  spectrogram.     The 
absorption  at  0.30//  is  weak  and  decratvsea  to  transparency 
near  P.JSy.  .   Unusual  transparency  from  0.25   to  0,29  o--.  Thii 
fact  is  brought  out  in  a  half-do«en  spectrograms  of  the 
region.   A.  b-ind  of  absorption  extends  rouphly  fron  0.29  y.  to 
0.36^.  with  Its  naxinum  at  tie  centre.   The  transparency 

increasea  to  completeness  and  continues  to  0.483,^  .   The 

/' 

wave-length*      of    the    seven    pho ton;raphic    banda    are    0.4-57  ,    , 
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0.472,^,  0.488  .  ,  0.505   ,  0,525  .,  0.545,t   and  0.570  t. 
(Only  five  b-'ir^"  c^^-t^m    on  ths  conplete  spectrogram.)    In 
decreaalnc  order  of  intensity  the  three  stronfent  bande  are 
0.525,^  »  0.505  .  andO, 545  V.  . 

An  effort  »a«  made  to  detect  the  eight  banda  given  by 
feraanek*  but  tne  conditione  irtre  not  favorable  to  recording 
uore  than  eeven  b^nds*   Formanek* s  wave-lanjthe  are  "571.0, 
547.3  (Haaptetreifen) ,  525.6,  505.4,  487.0,  470.7,  454.4, 
439.5". 

The  negatWe  for  fipure  86  plate  23  shows  the  seven 
btnds.   The  solution  iras  practically  s'aturatad  since  it 
contained  50  grams   per  liter  at  room  tenperatare.   Here 
the  ultra-violet  absorption  extends  as  far  as  0,39  '  ,  For 
conoentratione  from  16.67  to  50  grams  per  liter,  and  for 
the  nethod  used,  the  bands  do   not  shift  at  all.** 

Figure  85  plate  .'22  was  obt'.i-'ned  with  trichromatic  plates 
to  see  if  any  photoftraphi  c  bands  less  refrangible  than 

0 .570  ,y.  could  be  recorded.   No  evidence  of  the  existence 
of  such  bands  is  presented.   Concentration  the  same  as  for 
the  oonplete  spectrogram.   \ngle  31.2.   "reatest  depth  of 
solution  was  0.9  mm.  'Jltra*violet  absorption  extends  to 
0,39  V  ,   Intense  absorption  from  0.465   to  0.583  >:• 


•  See  J.  Formanek,  "Die  qualitative  Spectralanalyse  anor- 

Fanlscher  Korper/'p.  59. 
••  See  H.  Kayssr,  "fiandbuch  der  Jlpectroscopl  e"  ,  v.  Ill  p.  415. 
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153.  Sodium  N'l  troprussid  > 

Flpure  87  ,  plata  23 . 

Oarnet  crystals. 

In    solution;  reddish  bro*nj  light  brown. 

Saturatsd* 

Anglt  1°  45*  .  repth  0  to  0.96  mm, 
V«ak  absorption  in  violet.   Light  from  the  spark  decomposes 
the  solution  at  tae  very  beginnin;^  of  illuaination  so  that 
the  -netnod  used  for  photographing  the  ultra-violet  ab- 
sorption of  the  perTianiranates  was  not  applicable.   This 
difficulty  was  lot  orercone*   Absorption  dscreases  to  about 
0*38   than  increases  to  a  weak  maximum  near  0.396   and 
finally  dscreases  to  transparency  at  0.438/x.  No  selective 
absoVption  from  0.43  -  to  0,68^.^.  » 


It  gives  the  writer  much  pleasure  to  have  the  opportunity 
of  publicly  acknowledging  hers  hie  lasting  indebtedness  to 
Professor  J,  S.  Ames  both  for  the  interest  which  he  took  at 
all  tines  in  the  present  wDrk  and  for  freely  placing  at  the 
disposal  of  the  writer  the  apparatus,  rnaterials  and  experi- 
mental facilities  of  the  Physical  Laboratory. 

The  sane  seise  of  olllfation  is  due  Professor  P.  W.  Wood 
for  sugfssting  the  eubject  of  tnis  research  and  for  his  ready 
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counsel  and  assistince  tiroughout* 

In  conclusion  th»  writer  daeires  to  thank  all  individuals 
who  \fera  InBtrunental  in  procaring  the  chemicals  for  the  work 
and  sepecially  Professor  H.  Kayser^  who  used  his  influence 
in  furtherance  of  this  end,  the  Ictiengesellschaf t  fur 
Anilinfabrikation ,  and  the  firm  of  'leister,  Lucius  S:    Briinlng. 
Each  of  these  firms  presented  tha  Physical  Topartment  of  the 
Johns  Hopkins  University  with  a  large  collection  of  coloring 
matters  of  their  own  manufacture. 
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For  conv«nlenc»  In  identifying  the  etron^er  spark  llnee 
fifure  91  plate  3r  is  given.*  The  numbers  on  this  positive 
corresnond  to  those  preceding  the  wave-lenffths  below.   The 
wave-lenRths  were  derived  fron  the  two  follo»lnp  sources. 
"An  Introduction  to  the  Study  of  f^pectrum  Analysis"  by 
W.  V.  Watts.  Longmans,  Gr99n   ft  Co.,  1304* 
""easursments  of  the  Vave-lenrths  of  Lines  of  High  Re- 
franglbillty  in  the  Spectra  of  Elementary  Sub  tances." 
Hartley  and  Adaney.   Fron  the  Philosophical  Traneactions 
of  tie    *<oyal  Society.  Part  I,  1884. 

15  2558.0     Zn. 

16  2573.1     Cd. 

17  2710.1     Air. 
2712.6     Zn  . 

18  2748.7     Cd. 

19  2770.9     Zn. 
20.   2801.0     Zn. 

21  2837.0  Cd. 

22  2880.9  Cd . 

23  2980.8  Cd. 

24  3007.0  Air, 

25  3035.9  7n. 

26  3072.2     Zn. 
3076.0     Zn. 

27  3133.3     Cd 

28  3350.5     Cd. 


2024.2 

Zn. 

2060.8 

Zn. 

2062.8 

Zn . 

2099.0 

Zn. 

2138.3 

Zn. 

2144.5 

Cd. 

2194.7 

Cd. 

2239.9 

Cd. 

2265.1 

Cd. 

2288.1 

Cd. 

2306.7 

Cd. 

2313.0 

Cd. 

<;i21.2 

Cd. 

2329.3 

Cd. 

2502.1 

Zn 

•  The  negative  was  not  a  slnple  exposure.   To  stand  repro- 
duction the  ©xtrene  ultra-violet  was  "favored." 
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29 

32C1.2 

Cd. 

30 

3282.4 

Zn. 

31 

3302.7 

Zn. 

32 

3329.3 

Kir 

3331.5 

Air. 

33 

3345.1 

Zn. 

3345.5 

Zn. 

34 

3401.7 

Cd. 

35 

3436.9 

Air 

36 

3466.3 

Cd. 

3467.8 

Cd. 

37 

3535.0 

Cd. 

38 

3610.7 

Cd. 

3613.0 

Cd. 

39 

3682.6 

•Toubtful 

origin" 

40 

3712.2 

Air. 

41 

3726.6 

Kir, 

42 

3749.8 

Air. 

43 

3839.3 

Air. 

3641.7 

Air. 

44 

3881.9 

Air. 

45 

3919.2 

Air. 

46 

3934.8 

Air. 

3956.2 

Air. 

47 

3972.5 

Air. 

48 

3995.1 

Air. 

49 

4041.4 

Air. 

50 

4070.0 

Air. 

4072.4 

Air. 

4076.1 

Air. 

51 

4119.4 

Air. 

52 

4132.8 

Air. 

4133.8 

Air 

53 

4145.9 

Air. 

54 

4151.9 

Air. 

4153.6 

Air. 

55 

4^28.5 

Air. 

4236.7 

Air. 

4241.9 

Air. 

56 

4316.2 

Air. 

4318.7 

Air. 

57 

4349.5 

Air 

58 

4367.9 

Air. 

59 

4415.1 

Air. 

60 

4447.1 

Air. 

4447.2 

Air. 

61 

4530.1 

Air. 

62 

t576.2 

Cd.   9,. 

63 

4601.6 

Air. 

64 

4607.3 

Air. 

65 

4614.0 

Air. 

66 

4621.6 

Air. 

67 

4626.0 

Cd.  11, 

68 

4630.7 

Air. 

69 

4641.9 

Air. 

4643.4 

Air. 
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70  4  649.2  Mr. 

71  46fl0.4  Zn. 

72  47-2^.3  Zn. 

73  4300.1  Cd. 

74  4810.7  Zn. 

75  4912.3  Zn. 

76  4934.8  Zn . 

77  5002.7  Air. 
5005.7  Air, 

78  5045.7  Air. 

79  5086.1  C<a 

80  5116.0  Zn      15, 

81  5146.2  Cd.    16, 

82  5338.6  Cd. 


83  5354.4  Cd  .  -^. 

64  5379.3  Cd . 

8  5  549  7.4  Cd  .  18^. 

86  5509.0  Zn.  — z- 

87  5541.8  Zn.  19„. 

88  5602.0  Zn.  20^. 

89  5761.8  Cd .  Z2^. 

90  59C1.6  Cd.  23^. 

91  6014.0  Air.    24^ 

92  6035.0  Zn.  — ^i- 

93  6071.8  Zn.  25^. 

94  6144.4  Zn.  26^. 

95  C132.0  7n.  2  6^. 

96  6160.4  Cd  .  — x- 

97  6266.6  Cd .  27, 
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ALPHABETICAL  INDEX  OF  ABSORBING  ^TEDIA. 


Name* 
Acid  Bro»n. 
Acid  Green  ,  cone. 
Acid  Ma^antA  S. 
Acid  Roaaraine  A* 
Aeacullne • 
Allsarine  Blue  S* 
Alizarine  Brown. 
Alizarine  '"^reen  B. 
Aliiarlne  Orange.  (Powder  80^.) 
Alliarine  Red  No.  1,  405^* 
Alizarine  Red  S. 
Alkali  Blue  6  B. 

Amldonaphtheldlsulphonie  Acid  H, 
Anthracene  Yellow  C. 
Anthracene  Red. 
Auraalna  0. 
Aurantla  • 
Aurophoephlne  4  G. 
Azo  Acid  Yellow* 
Azo  Blue  • 
Azo  Coccine  2  R. 
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128 
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196 
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113 
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61 


No.  Plate  Fig. 
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Name. 
Alo  Rubins  S. 
Alo  Yallov,  cone* 
Barium  Perfflan<>;anat«  • 
Banxoasurlna. 
Baniopurpurina  B. 
Beniopurpurln*  6  B* 
Bansopurpurina  10  B. 
Biabrich  Scarlat- 
Bismarck  Brovn* 
Blua  Black  • 
Berdaaux  B. 
Brilliant  Congo  R. 
Brilliatot  Croceina,  blus  shada. 
Brllliabt  Oranga  G. 
Brilliant  Purpurlne  10  B. 
Brilliant  Purpurlne  R. 
CarborunduB  • 
China  Blua • 
Chromotropa  6  B. 
Chryaamina  G, 
Chryao'idina  • 
Cloth  Red  G. 
Cloth  Red  3  -   A. 


PaK«   ^^«<   Plata    Fig. 
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Namft 

Cloth  R»d  0. 

Ceceinins  U. 

Columbia  TwLtt   Semrl»t  4  B. 

Columbia  Tollov. 

Congo  Brovn  G, 

CoBge  BrovD  R. 

C«Bgo  iorinth. 

C«ago  Corinth  0* 

C^ngo  Orango  G. 

Congo  Orango  R* 

C«ago   *lo4  • 

Co»go   Rubino. 

Cerallino    Rod. 

Crooo-tine   Yollow   G. 

Crystal    P«mt.«au        6   R* 

Crystal  Violet  • 

CureuBoHno. 

Curcuoino   S* 

Cyanooino. 

Dahlia. 
Doltapurpurino  5  B. 

Dlamino  Black  B   0. 

Diaraine  Groen  B. 


Fft  f      No*   Plato   Fig. 
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Nans* 
Dlamlna  Red  B. 
rianine  Red  3  B. 
riaiJond  • 

Pianll  Oranfa  G, 
Dianll  Y«ll»w  R. 
E-nerald  '"iratn* 
Enin  Red. 
Eatamina  B. 
Easlna  a  I'aloaol* 
Eoainai  bluish* 
Zasina,  yalloviah 
Erika  B. 
Erythrosina. 
Ethyl  Alcohol. 
Ethyl  Violet. 
Fast  Acid  Vlolat  A  2  R. 
Faat  \cid  Vialat  B. 
Fast  Brawn  3  B. 
Fast  G^aen  0. 
Fast  Red  K, 
Faat  Red  ,  extra. 
Fast  Yellev. 
Fluoresce! ns • 
Fuchslne . 
Fuchs  ine  S . 


Paea 

Na. 

Plata 

Fi£. 

93 

66 

94 

68 

10 

38 

X47 

149 

21 

82 

140 

140 

20 

78 

76 

40 

lOS 

84 

»T 

13 

5 

19 

«6 

21 

4 

17 

lai 

109 

16 

62 

isa 

111 

17 

63 

lao 

106 

66 

32 

5 

18 

123 

112 

17 

64 

14V 

150 

22 

83 

108 

91 

12 

47&48 

117 

105 

116 

104 

t$ 

38 

7 

25 

100 

79 

73 

24 

6 

24 

74 

26 

SI 

f 

2 

8 

140 

141 

105 

87 

111 

95 

13 

51 

LCI 


id  if 

« t           OX           fe- 
ll t^l  T*X 

<V  0!  Oil  0*1 

0#  iT 
oOX 

ex        e  ti  ^<J 

VI  ♦  >i 

l^  dl  fOI  III 

o3  TI  III  Stl 

eox  oti 

Bl  i  tl 

+  3  VI  II.'  SI 

vj       < c        xe  eox 

201  TIX 

lOX  dXX 

■)r\i 

<)(  ^v 
8              K               t  " 

Ifl  Oi-X 


[ 


I^ 


•  ^   •^i»»nO   llrstil 

•  ft   «r«I(«Y   Xtr^il 

•  Xooof/t  'X   £    f»r*c»S 
«xiuii4lci    ,tfi.:»9i 

.Iori4;eXl.   Xvri^'i 

.;,   «   fiWBUi   ttJt'K 
.n  : 

.•It  (•••8«IOi'X'7 

.  •;   tirtie/Oi;'' 


159 


Nam* 
Galle'ine  . 
Glycerin* . 
Ouine*  Carmine  B* 
Helietrepe  2  B. 
Indigo  Car-nlne  ,  dry. 
Janue  Oreen. 
Janus  Fed  B. 
Light  Oreen  r»S. 
Malachite  Green. 
Metanil  Yallaw. 
Methyl  Blue  . 
Methyl  Eoeina. 
Vethyl  Oreen. 
Methyl  Green  00. 
Methyl  Orange  III. 
Methyl  Violet  6  B. 
Vordant  Yellow  0. 
Naphthalene  ^sd. 
^•Naphtholdisulphonic  Acid   G. 
Naphthol  '^reen  B. 
Naphthol  Yellow. 
Napfcthol  Yellow  S. 
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Naphthylamlno  Brown. 

Neutral  Red • 

N«v  Coccine< 

Nev  Coeolne  0. 

Nev  ><a"-«iita  • 

Night  Blue . 

Ni^roeine,  soluble* 

p*Mltranll3ne.( Powder ."extra" . ) 

O-Nltrobenialdehyde • 

p'Nitresodimethylanlllna • 

Orange  G. 

PhenoBaf ranlne • 

Phlexine • 

Phosphlne  • 

Ponceau  B  0.,  extra  • 

Ponceau  2  G. 

Ponceau  2  R* 

Ponceau  3  R* 

Ponceau  4  R  3. 

Ponceau  6  R  B. 

Potaeeium  Permanganate  • 


Pag. 

N«. 

T2 

»3 

lit 

lai 

T5 

tT 

TS 

t4 

106 

88 

114 

101 

UX 

lt6 

56 

S 

56 

4 

56 

$ 

St 

10 

13t 

122 

134 

115 

126 

117 

7t 

4a 

60 

11 

63 

16 

63 

17 

ti 

48 

9» 

51 

148 

152 

Pla 

te 

rig. 

6 

23 

k 

24 

12 

45 

1 

5 

2 

9 

It 

71 

18 

67 

18 

68 

3 

10 

4 

IS 

8 

30 

8 

32 

22* 

23 

84,85 
ftSC 

03  X 


oM 

■  ^JBI<! 

.0/ 

•  1l«*l 

£S 

d 

6fc 

ST 

liX 

4->  r   r 

ra 

ef 

^S 

0 

^c 

«r 

e4- 

il 

s^ 

^f>X 

xox 

4^XX 

riSI 

XliX 

€ 

ae 

# 

de 

e 

X 

C 

3e 

e 

( 

ox 

«a 

I? 

CI 

s&x 

e$.x 

?o 

cl 

2fX 

il^X 

8d 

X 

?XX 

diX 

£i- 

6V 

01 

£ 

tl 

fiO 

J  L 

€3 

r.l 

4 

vx 

t^ 

8 
8 


xe 


CO, ^6    fci    AS&      &£X 


€9 

€4X 


•  |#Jf     X«17J/9' 

•  •XiJwXoa    ,  «iix»o<r^ii: 

(."*n*ji»",^r' ■  -'  '  .  —  ^.ltn0ntt".*q 

•  •frrn*t>X«sn«do^/i'>0 

•  •9tXi(r«Xieri#ftnt|)0<*<t^i:!'«q 

•  0  •anji'^O 

•  •flt&oXiiT 

.  etixt    ,  .0   Q   i/««3i<r<»'7 
.r    &   oasoftoT 

•  ti   n    a    tf/i«ono'I 


161 


Nam** 
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Quinoline  Yellow  0. 
Quinoline  Yellow,  sol.  in  watei*' 
Red  Violet  5  »  S. 
Hesorclne  (techn.  pure>) 
Reeorcln*  Brown- 
Hhodamine  B. 
Roeaiurine  B. 
Rose  Bengal-  ' 

Roeolane  0. 
Saf ranine- 

Sodium  Nitroprueaid • 
Soluble  Pruesian  Blue* 
Thiogene  Brown  S. 
Tl^iegene  Orange  H. 
Tropaeoline  0. 
Tropaeoline  00. 
Tropaeoline  000  No.  1. 
Tropaeoline  000  No.  2. 
Uranine* 
Veeuvlne* 

Victoria  Blue  4  R. 
Vool  Black. 
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